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ABSTRACT 
 
 Urbanization is a pressing issue that has largely contributed to quality degradation of our 
nation’s waters. Net zero stormwater runoff regulation, per the Energy Independence and Security Act 
Section 438, is one way that federal facilities are required to mitigate adverse effects of urbanization. 
This study provides a qualitative and quantitative comparison of existing stormwater runoff volume 
estimation methods used to determine predevelopment and post-development hydrologic conditions 
for site scale retention design. Results of this comparison imply that it might be advantageous for 
federal facilities to adopt moderate to high level stormwater runoff volume estimation tools for 
preliminary site level planning. Over simplistic runoff volume calculation approaches produced 
significantly different runoff volume estimations than more complex estimation methods. Inaccurate 
runoff volume estimations may cost federal facilities additional time and money than required to meet 
compliance with applicable stormwater policy. Current events suggest that stormwater modeling will 
become extremely important in the near future. The Chesapeake Bay TMDL has paved the way for 
stringent federal oversight of point and nonpoint source pollution discharges. Accurate stormwater 
modeling methods will be integral to efficiently achieving current and future water quality standards set 
by local, state, and federal governments. 
 
 
  
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dedicated to Jody Michelle Endres – Thank you for your invaluable knowledge and inspiration. 
 
  
iv 
 
ACKNOWLEDGMENTS  
 
 This project would not have been possible without many peers and mentors. Many thanks to my 
advisor, Bryan Endres, who graciously took me under his wing at the last minute. Also, thanks to my 
committee member, Dr. Richard Cooke, for guiding me through my statistical analysis. Thanks to Heidi 
Howard, without whose constant direction and support this project would not be possible. My sincerest 
gratitude goes to the University of Illinois and the U.S. Army Corps of Engineers Construction 
Engineering Research Laboratory for funding this research. Special thanks to Fort Leonard Wood and 
Fort Hood planning staff for sharing data necessary to complete this analysis. Thank you to Wes 
Mercado and Dan Gambill for their contribution to the Net Zero Planner Stormwater Calculator coding 
and data development. Great gratitude goes to U.S. EPA for allowing U.S. Army Corps ERDC-CERL access 
to EPA National Stormwater Calculator program code. Finally, thanks to my fiancé, parents, and 
grandma who have kept me grounded with unwavering love and support as always. 
 
  
v 
 
TABLE OF CONTENTS 
 INTRODUCTION ..................................................................................................................................... 1 
 LITERATURE REVIEW ............................................................................................................................. 3 
 NET ZERO PLANNER STORMWATER CALCULATOR ............................................................................. 15 
 MODEL OUTPUT COMPARISON .......................................................................................................... 27 
 REGULATORY INFLUENCE ON tHE FUTURE OF STORMWATER MANAGEMENT ................................. 58 
APPENDIX A: CALCULATOR INPUTS & OUTPUTS ........................................................................................ 71 
 
 
1 
 
 INTRODUCTION 
The scientific community has well established the looming adverse effects of urbanization and 
climate change on our water resources over recent decades (IPCC, 2007). These effects include dramatic 
spikes in stormwater runoff volume, increased pollutant loads, altered channel morphology, and loss of 
biodiversity (Walsh et al., 2005). Future land development will only exacerbate these issues if left 
unmanaged. The recognition of this issue by the Federal Government has led to mitigation efforts on 
federal lands to minimize hydrologic degradation of Waters of the United States (WoUS). An example of 
federal mitigation effort is Section 438 of the 2007 Energy Independence and Security Act (EISA).  
EISA Section 438 calls upon federal facilities to “maintain or restore, to the maximum extent 
technically feasible, the predevelopment hydrology of the property” affected by “development or 
redevelopment project involving a Federal facility with a footprint that exceeds 5,000 square feet” (42 
U.S.C. §17094). To make apparent the technical meaning of this provision, President Obama later signed 
EO 13514 in 2009 mandating that the Environmental Protection Agency (EPA) develop guidance for 
federal agencies to meet criteria of Section 438. EPA’s Guidance, Technical Guidance on Implementing 
the Stormwater Runoff Requirements for Federal Projects under Section 438 of the Energy Independence 
and Security Act, was published in December the same year. The Guidance describes steps and 
approaches that a federal facility operator should take to comply with the statute. This guidance 
advocates use of the Runoff Reduction Method in planning for site scale stormwater runoff.  
The Department of Defense has begun to invest in technology that will streamline and simplify 
compliance determination of regulatory requirements such as EISA Section 438. Currently, several 
stormwater modeling technologies exists in a wide spectrum of complexity and specialization. There are 
few tools designed with goal orientation for federal planners to specifically determine EISA Section 438 
compliance. The Net Zero Planner Stormwater Calculator (NZPSC) was designed as a component of a 
larger resource management program, Net Zero Planner. NZPSC was created to specifically determine 
EISA Section 438 compliance. The calculator was created after review of several notable stormwater 
calculators and models currently used by municipal, private, and federal planners. This review allowed 
the U.S. Army Corps of Engineers to target the most practical and scientifically sound technological 
functions, for federal planners, applying EISA Section 438 to development and redevelopment sites. To 
qualify the NZPSC modeling technology as sound science, the calculator was tested by feeding real 
federal facility development project data into the model. Further, other notable calculators were applied 
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to the same case study sites and the outputs were compared to the NZPSC outputs. From this data, it 
was determined whether or not there is statistically significant difference in runoff estimate outputs 
between the various calculation methods. The methods were assessed by functionality in addition to 
accuracy.  
To supplement this analysis, the stormwater runoff models, like the NZPSC, were evaluated in 
the context of stormwater policy trends in the United States. The runoff reduction method (RRM) in 
combination with pollutant removing Low Impact Development (LID) has shown to reduce both runoff 
volume and stormwater pollutant loads (Collins, Hirschman, Hoffmann, & Schueler, 2009). The federal 
government has chosen this as the method of choice within stormwater management as reflected by 
various guidance documents such as EPA’s EISA Section 438 Technical Guidance. Municipalities are 
subsequently adopting these methods, voluntarily and involuntarily, and enforcing them within their 
own local stormwater legislation and guidance. Many eastern municipalities have implemented RRM 
following the Chesapeake Bay TMDL as a means of complying with new water standards (Collins et al., 
2009). Municipalities currently unregulated by state or federal mandates might find adoption of RRM 
within the early planning phases beneficial in avoiding expenses from heavy federal or state regulation 
later on. Practice of stormwater runoff calculation technology should be used to advocate for LID 
infrastructure within development and redevelopment projects. 
The layout of this document will reflect the multifaceted hypothesis that this Thesis poses. The 
document will be divided in three comprehensive sections to discuss existing stormwater modeling 
technology, creation of the NZPSC, and finally the legal implications of utilizing such technology. 
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 LITERATURE REVIEW 
2.1 SITE SCALE STORMWATER RUNOFF MANAGEMENT 
The U.S. is currently in a revolutionary time for stormwater management policy and technology. 
The United States is rapidly outgrowing their outdated, traditional stormwater conveyance systems 
(Kessler, 2011). Limited by fiscal capacity, stormwater system operators are in search of an economically 
efficient means of addressing this pressing issue. Local governments, specifically in the east, have 
especially been experiencing pressure to improve their stormwater infrastructure from federal and state 
policy in the form of TMDLs and modified federal law. As a result, Low Impact Development (LID) has 
been promoted by the EPA as a sustainable and effective approach to dealing with dynamic stormwater 
infrastructure demands (Dolowitz, Keeley, & Medearis, 2012; U.S. EPA, 2009). This new school of 
stormwater management methodology has relatively little data to create a compelling argument for 
widespread LID adoption, making it difficult to justify voluntary investment at the local scale (Dolowitz 
et al., 2012). Stormwater runoff modeling technology can be a helpful and cost effective tool for various 
stages of site planning. While complex, time intensive modeling methods exist to precisely identify and 
optimize site LID, simple, preliminary modeling tools are sufficient to begin conversation within the 
community about possible implementation scenarios for local projects (Limbrunner, Vogel, Chapra, & 
Kirshen, 2013). 
2.2 LOW IMPACT DEVELOPMENT 
Low Impact Development (LID) is an alternative to traditional stormwater management 
infrastructure. Traditional stormwater management infrastructure describes a conveyance system that 
may be tied into local waste water sewers or discharge directly into surface water, also known as 
municipal separate storm sewer system (MS4). LID uses pervious technology to mimic a site’s 
predevelopment hydrology in retention and treatment of excess stormwater produced by new 
development on site. Unlike large scale traditional stormwater infrastructure, LID can be planned on a 
site by site basis, controlling the stormwater at a more intimate level, or optimally sited within the 
drainage area at lower cost per gallon. As a result, LID will typically be included in early site planning 
phases and implemented during or after site development as opposed to planned and implemented 
separately from collective site development.  
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LID is a relatively new practice that has been tested for less than 20 years and is constantly 
evolving over time, making it difficult to collect long-term data that exhibits duration and effectiveness 
(Davis, Hunt, Traver, & Clar, 2009; Dolowitz et al., 2012). However, studies have agreed that LID is an 
effective tool to replacing traditional stormwater management systems in better mimicking 
predevelopment stormwater quality and hydrologic performance (Ando & Netusil, 2013; Davis et al., 
2009; Dietz, 2007). Other significant benefits to using LID include reduced costs and infrastructure 
demands (U.S. EPA, 2007; Wise et al., 2010). These secondary benefits ultimately provide motives for 
federal facilities to embrace EISA Section 438. Dr. Michael E. Dietz from Utah State University studied 
individual LID technologies to establish their specific runoff management strengths and weaknesses.  It 
was determined that LID is generally successful in removing elements such as copper, zinc, and lead, and 
also fairly effective, dependent on the LID, at removing nitrogen and phosphorus compounds (Davis et 
al., 2009; Dietz, 2007). Additionally, LID, such as bioswales, have been proven to significantly reduce 
total suspended solids (TSS); oils and grease; and other common pollutants; and further, LID has proved 
to be more efficient at reducing pollutants than traditional controls, such as wet basins (Line, Brown, 
Hunt, & Lord, 2012). 
Over the past two decades the U.S. EPA has become a proponent for LID technology 
implementation during site development. Most sites that discharge stormwater runoff to waters of the 
United States (WoUS) require coverage under a National Pollutant Discharge Elimination System 
(NPDES) permit. These permits are allocated by the United States Army Corps of Engineers and 
Environmental Protection Agency (U.S. EPA) or the state if authorized. Most states maintain 
authorization to permit stormwater activities. Phase II of the NPDES is the program that the majority of 
permit holders are covered under. There are six “Minimum Control Measures” (MCM) that are required 
of permittees covered under a NPDES Phase II permit. One of these MCM is Post Construction Runoff 
Control, which requires the permittee to implement a program that addresses discharges of post-
construction stormwater runoff from new development and redevelopment areas (U.S. EPA Office of 
Water, 2000). LID, such as grassed swale and porous pavement, is explicitly suggested as a tool in 
implementation of this MCM by the U.S. EPA in lieu of traditional infrastructure (U.S. EPA Office of 
Water, 2000).  
2.3 STORMWATER RUNOFF MODELING  
There are various methods that scientists have developed to model stormwater runoff spatially, 
quantitatively, and qualitatively. The appropriateness of the model is dependent on several factors 
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including the phase of development an operator is planning for, the stormwater system existing and 
proposed, and the runoff reduction goal, quality or volume. The nature of this study will focus on the 
preliminary planning phase of a stormwater runoff management system. At this level of planning, the 
stormwater runoff model will need to be simple, comprehensive, but accurate enough for effective 
general budgeting and resource planning. 
2.3.1 RUNOFF REDUCTION METHOD 
The Runoff Reduction Method is a method that relies on best management practices (BMP), also 
known as low impact development, to mitigate stormwater runoff volume produced by site 
development. Further, LID possessing pollutant removal capabilities can be incorporated into site design 
for a combination of runoff volume control and quality improvement (Collins et al., 2009). The RRM is a 
simple yet effective approach to achieving stormwater runoff regulation that specifies an explicit runoff 
volume or pollutant load reduction. The method is comprised of a three step process: Reduce 
Stormwater Runoff by Design, Reduce Volume of Post Construction Stormwater Runoff, and Capture 
and Treat Remaining Stormwater Runoff. By using three these steps, the site operator can estimate 
stormwater runoff quantity and quality to determine compliance with set standards. 
In 2010, Total Maximum Daily Load (TMDL) limits were placed over the entire Chesapeake Bay 
Watershed for phosphorus, nitrogen, and sediment in order to improve the estuary’s condition to meet 
standards of designated uses (Linker, Batiuk, Shenk, & Cerco, 2013). The simplicity of the method has 
gained traction with states responsible for enforcing standards of the TMDL due to its reasonably low 
technical complicity (Chesapeake Bay TMDL Action Plan Guidance, 2015). (No. GM15-2005; Collins et al., 
2009). Land operators are able to apply steps of RRM during site planning without a high level 
proficiency in stormwater quality modeling. This makes RRM an attractive method for preliminary site 
level stormwater planning. 
2.3.2 EXISTING TECHNOLOGY REVIEW 
In preparation for development of the NZPSC, a breadth of existing stormwater runoff 
calculation tools were investigated functionally and mechanically. This review was ultimately a chance to 
experiment with what features are desirable, necessary, or a nuisance for reference while designing the 
NZPSC. Generally, the calculators that were assessed were intended for site level preliminary planning of 
stormwater runoff from a development. Based on observation of similarities, the calculators were 
separated into three general classes: simple SCS TR-55, moderate SCS TR-55, and continuous model.  
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2.3.2.1 SCS TR-55 
Soil Conservation Service (SCS) Runoff Curve Number Method is the most widely used total 
volume runoff estimation method in the United States. This method was developed and printed in 
Technical Report 55 (TR-55) in 1985 by the SCS. The general TR-55 uses the following equation to 
estimate stormwater runoff for a watershed. 
EQUATION 1. SCS RUNOFF CURVE NUMBER METHOD FROM TR-55. (CRONSHEY, ROBERTS, & MILLER, 1985) 
 
Q = 
(P−Ia)
2
(P− Ia) + S
 S =  
1000
𝐶𝑁
 – 10  Ia = 0.02S 
Q = runoff (in)  
P = rainfall (in)  
S = potential maximum retention after runoff begins (in) and  
Ia = initial abstraction (in)  
CN = curve number (0 - 100) 
FIGURE 1. CURVE NUMBER, RAINFALL TO RUNOFF RELATIONSHIP (CRONSHEY, ROBERTS, & MILLER, 1985) 
 
Curve number (CN) is a measure of the capability a surface has to infiltrate runoff. The more 
pervious a surface is the smaller the curve number will be. Therefore, as S or infiltration increases, 
runoff will decrease. As a surface becomes more impervious, or as CN increases, S will decrease. This 
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equation can be used to calculate total excess stormwater runoff volume of various scenarios. This 
application is used for retention design to meet stormwater runoff regulations. This method is limited to 
use only under average conditions, due to the nature which the curve numbers are calculated (Cronshey 
et al., 1985). 
The group of simple SCS TR-55 calculators were very minimalistic in inputs, outputs, and design. 
These calculators employed the SCS TR-55 method in its simplest form and were generally a form of an 
MS® Excel Spreadsheet to guide a developer through quick scenario calculations. The moderate SCS TR-
55 group were similar to the simple TR-55 group, but contained additional features such as automatic 
database retrieval, multiple land cover options, and greater LID configuration options. These were often 
a little more time intensive, but highly modifiable to reflect a wide variety of scenarios. The final group, 
continuous models, were an interface for a continuous modeling program (SWMM) that applied Green-
Ampt or a similar runoff model. Calculators ranged greatly in complexity. 
A calculator was chosen from each group to represent that class of technology during 
comparison with the NZPSC. The Army LID Planning Tool was chosen as the simple SCS TR-55 
representative; Green Values® National Stormwater Management Calculator as the moderate SCS TR-55 
representative, and EPA National Stormwater Calculator (EPA SWC) as the continuous model. Each of 
these calculators were chosen due to their similarity with the NZPSC. All three calculators, as well as the 
NZPSC, can be applied nationally, allow for pre- to post development comparison, and contain LID 
design options. 
2.3.2.2 SWMM 
SWMM is one of the first and most widely accepted continuous models available for preliminary 
stormwater retention planning and design (Elliott & Trowsdale, 2007). This nationally recognized model 
has been proven through numerous studies to generate more accurate runoff estimation data than the 
SCS TR-55 Curve Number Method (Eli & Lamont, 2010; Jang et al., 2007; Roehr & Kong, 2010; Tobio, 
Maniquiz-Redillas, & Kim, 2015).  SWMM is a dynamic rainfall-runoff model that can be utilized for 
single event or long-term simulation of runoff (Gironás, Roesner, Rossman, & Davis, 2010). EPA SWC 
applies SWMM at a very basic level, but SWMM has the capacity to simulate extremely complex 
scenarios in great detail when operated independently. For this study, the stormwater calculators were 
assessed under the assumption that continuous modeling method based planning tools provide more 
accurate stormwater runoff volume estimations than the SCS-TR 55 Curve Number Method. 
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2.3.3 ARMY LID PLANNING TOOL 
The Army LID Planning Tool is a simple MS® Excel® stormwater runoff calculator that is intended 
for preliminary selection and sizing of LID technology. This tool also uses the SCS Runoff Curve Number 
method for stormwater runoff calculations. The calculator requires basic background knowledge in 
stormwater management and hydrology. Because the Army LID Planning Tool does not have auto 
database retrieval for input data, embedded input descriptions, or help options, the calculator may 
require a higher level of knowledge than the other two selected calculators used in this analysis. There 
are fewer user inputs and customization options available than Green Value® National Stormwater 
Management Calculator. Subsequently, minimal conclusions are provided from the calculator output.  
FIGURE 2. ARMY LID PLANNING TOOL SCREENSHOT. 
 
This calculator is goal oriented to guide developers in meeting compliance with the runoff 
volume control requirement, EISA Section 438. While the calculator is efficient in determining 
compliance with EISA Section 438 standards, it is operated through MS® Excel, a Graphic User Interface 
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(GUI). While reviewing modeling technologies, it was discovered that there are many security concerns 
to overcome when introducing a GUI program, such as an MS® Excel Spreadsheet, onto the Army 
servers. These security requirements can be bypassed if instead the GUI software is converted into a 
web based program. Therefore, the NZPSC was designed to expand functionality of the Army LID 
Planning Tool in both accuracy and accessibility while avoiding security restrictions. 
To calculate predevelopment and post-development runoff estimations, the user must input 
project site area size, the 95th percentile storm rainfall volume in inches (manually calculated), prevalent 
soil type, and predevelopment and post-development land cover percentages. The options for land 
cover are simplified into eight primary classifications and eleven secondary classifications that are less 
common. These land covers include wooded (fair); meadow; brush and weeds (fair); lawn; roads and 
drives without curbs and gutters; roads and drives with curbs and gutters; parking, driveways, and 
sidewalks; building roof; bare soil; brush and weeds (poor); brush and weeds (good); trees-grassy (poor); 
trees-grassy (fair); trees-grassy (good); wooded (poor); wooded (good); open space (lawns, parks, 
cemetery)  <50% grass; open space <75% grass ; and open space >75% grass. The curve numbers are set 
to default values, but may be adjusted for calibration if required. The runoff volume is calculated and 
provided in acre-feet, gallons, cubic feet, and CFS per day for pre- and post-development. Additionally, 
the remaining volume retention required to comply with EISA Section 438, net zero runoff, is stated.   
The second step of the Army LID Planning Tool is LID scenario modeling. While there is a limited 
selection of LID, each LID is highly modifiable using the specifications available. Once the user selects the 
desired LID, they have the option to adjust many LID attribute specifications, such as infiltration times of 
media, void ratio, and expected usage percentage, to imitate a detailed site plan in a realistic manner. 
The LID selection list includes: 
• Bio-retention; 
• Swale; 
• Permeable Paving; 
• Rainwater Harvesting; 
• Green Roof; and 
• Infiltration Practice.  
For other LID technologies not listed, the calculator prompts the user to modify available land cover 
options to mimic the desired LID (e.g. entering vegetative filter strip as land cover type “open space 75% 
grass”). The amount of runoff volume retained by each LID practice is indicated next to the 
specifications. The final output is the “Check of EISA 438 Volume Control Compliance”. This states 
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whether the runoff volume captured by the selected LID practices does or does not mitigate the 95th 
percentile 24-hour storm event, and if not, the volume remaining for required retention is indicated.  
2.3.4 GREEN VALUES® NATIONAL STORMWATER MANAGEMENT CALCULATOR 
Green Values® National Stormwater Management Calculator is one of three tools within the 
free web based Green Values® Stormwater Toolbox found at http://greenvalues.cnt.org. Green Values® 
National Stormwater Management Calculator is intended to provide a quick evaluation of site-scale 
sustainable stormwater management design opportunities. The interface was designed to be user 
friendly for an operator with minimal stormwater management knowledge. The tool was developed by 
the Center for Neighborhood Technology (CNT), “a nonprofit research and advocacy organization 
committed to improving urban economies and environments” (Center for neighborhood 
technology.2015). Green Values® National Stormwater Management Calculator doubles as a runoff 
reduction calculator and cost estimation tool.  
FIGURE 3. SCREENSHOT OF GREEN VALUES NATIONAL STORMWATER MANAGEMENT CALCULATOR. 
 
The calculator uses USDA’s SCS TR-55 method, standard for single event runoff estimation. Green 
Values® National Stormwater Management Calculator requires the user to input six different types of 
information. First the user must input site information, such as location, size, soil type, precipitation, and 
the percentile storm the user would like to use for modeling. The user then identifies the land cover by 
percentage. The land cover options are derived from the USDA Soil Conservation Service Technical 
Release 55: Urban Hydrology for Small Watersheds, which provides 13 land cover classification types. 
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Green Values® National Stormwater Management Calculator is a goal oriented model that allows for 
stormwater goal selection (i.e. the mandated regulation or private interest). The calculator provides 
numerous city and state standards that are available for selection to streamline runoff reduction goal 
input. Alternatively, the runoff reduction goal may be entered manually by volume in inches. 
Conventional Development inputs require the operator to identify post-development land cover and 
impervious surface specifications, such as sidewalk widths and the number of parking lot spots. Finally, 
the user chooses desired BMP infrastructure from selection: 
• Rain Garden; 
• Swale;  
• Permeable Paving;  
• Rain Barrels ; 
• Green Roof; 
• Planter Boxes; 
• Disconnect; 
• Native Vegetation;  
• Vegetation Filter Strip;  
• Amend Soil; 
• Trees; and  
• Reduce Street Width. 
When choosing a BMP, the user can accept default settings or indicate specifications for the BMP, such 
as an amount of site cover in percentage, depth of media in inches, and porosity of the media intended 
(variable by BMP type). Advanced Options allows the user to choose the discount rate used for lifecycle 
evaluation and amend any of the default curve numbers for the soil type by land cover.  
The result output is an embedded multi-tab spreadsheet and short generated narrative 
description that states the major outcome of the design configuration. The first result tab is Volume 
Control, which indicates required runoff volume capture and actual volume capture, and the 
percentages of decreased impervious area and volume captured by BMPs. The Coefficients and Runoff 
tab compares the green design alternative’s capability to mitigate runoff to a conventional system that 
would be required for the development project. Costs tab provides a similar comparison, but instead 
compares the costs of conventional to green stormwater infrastructure chosen.  The cost comparison 
includes a life cycle cost analysis as well that includes factors of construction cost, maintenance costs, 
and component lifespan. All numbers used to calculate these results are available in a detailed cost 
sheet, and all methodology is provided in a supple-mental document National Green Values™ Calculator 
Methodology (CNT, 2009). 
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2.4  EPA NATIONAL STORMWATER CALCULATOR 
The U.S. EPA developed the National Stormwater Calculator (EPA SWC) to provide site operators 
preliminary estimations of the average annual runoff volume resulting from various site development 
scenarios for anywhere in the United States (U.S. EPA, 2014). Unlike most of the other runoff volume 
estimation technologies reviewed for this study, the EPA SWC uses a continuous modeling approach to 
simulate sites’ runoff. The program is free for anyone to download and can be found at 
http://water.epa.gov/infrastructure/greeninfrastructure/gi_modelingtools.cfm. 
 
The EPA SWC is executable; however, it accesses several national online databases such as 
National Oceanic and Atmospheric Administration (NOAA) and the Soil Survey Geographic Database 
(SSURGO) to automatically retrieve information needed for user inputs. EPA SWC operates by rerouting 
the user input information and processing it through EPA’s Stormwater Management Model (SWMM). 
The EPA SWC does not make any actual independent calculations outside of SWMM, but acts as an 
alternative user-friendly interface for users unfamiliar with hydraulic modeling programs. 
The user steps are very straightforward and require minimal manual calculations prior to 
operating the modeling tool. The operator begins by choosing their location using Bing© Maps or by 
FIGURE 4. SCREENSHOT NATIONAL STORMWATER CALCULATOR 
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entering the latitude, longitude, and area of the site. Next, with the “View soil survey data” enabled, the 
user then identifies what soil type underlies the prospective site based on the map information. The 
viewing maps are products of Soil Survey Geographic Database (SSURGO). The map illustrates the site’s 
primary HSG soil type and hydraulic conductivity as retrieved from online SSURGO databases. The same 
process is used for determining topographical slope. The data maps are an optional resource for the 
user, and can be ignored if the user has independent knowledge of accurate site inputs.  For historic 
precipitation data and evaporation data, the preferential local rain gage and weather station gage must 
be chosen respectively. The calculator contains a catalog of over 8,000 rain gage locations from the 
National Weather Service’s (NWS) National Climatic Data Center (NCDC) and 5,000 weather station 
locations (U.S. EPA, 2014). Historical hourly rainfall data and daily temperatures for each station have 
been extracted, processed, and stored on an EPA file server (EPA, 2014). Unlike the site’s soil and 
topographic characteristic inputs, precipitation and evaporation records are not modifiable. The user is 
limited to the gages provided by the EPA server and are not able to input their own data records. 
The EPA SWC provides a comparison of two scenarios. For purposes of this study, our team is 
interested in comparison of predevelopment and post-development hydrology. Initially, the user should 
quantify the predevelopment land cover classifications by percentage. Land cover options include forest, 
meadow, lawn, desert, and impervious surface. This is now the “baseline”, which can be saved to the 
project by choosing “use as baseline scenario” under the results tab. The user then can modify inputs to 
reflect post development with or without LID for “base case” comparison. The LID selection includes:   
• Downspout Disconnection; 
• Rain Harvesting; 
• Rain Gardens; 
• Green Roofs; 
• Street Planters; 
• Infiltration Basins; and 
• Permeable Pavement. 
Each LID practice is modifiable through parameters such as capture ratio, size, and soil media attributes. 
If the user specifies a design storm, the EPA SWC will automatically size the LID to meet the design storm 
runoff volume retention goal.  
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Once scenarios are input, the predevelopment and post-development runoff volume outputs, 
along with additional hydrologic characteristics, can be compared. The results include a variety of report 
outputs including hydrographs, pie charts, and statistics. Runoff data are provided in inches and acre-
feet. The runoff information provided solely reflects annual amounts, there are currently no results 
available for a single storm event, such as the 24-hour 95th percentile storm. Climate change can also 
optionally be incorporated into the model by indicating expected changes: “Hot/Dry”, “Medium 
change”, or Warm/Wet within the “Near Term (2020 – 2049)” or “Far Term (2045 – 2074)” future. All 
climate scenarios here do not contain modifiable attributes. The climate scenarios that EPA provides 
were derived from a range of outcomes of the World Climate Research Program’s CMIP3 multi-model 
dataset (U.S. EPA, 2014).  
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 NET ZERO PLANNER STORMWATER CALCULATOR 
3.1 NET ZERO STORMWATER 
Net Zero stormwater is an ambitious concept that is part of the popular “net zero” goals trend 
initiated by the U.S. Department of Defense (DOD), beginning with energy in 2008 (Lepore, 2016). The 
concept behind “net zero” is that a resource can be sustained if the amount of resource is reproduced at 
an equivalent or faster rate than it is depleted. In terms of stormwater, the status quo would be 
considered predevelopment hydrology (Lepore, 2016; U.S. EPA, 2009). The site then must retain any 
excess stormwater volume and pollutant load established during development. Net Zero Stormwater is 
part of the larger Net Zero Water goal. The U.S. Army defines Net Zero Water Installation as: 
“A Net Zero Water Installation limits the consumption of freshwater resources and returns 
water back to the same watershed so not to deplete the groundwater and surface water 
resources of that region in quantity and quality over the course of a year. The net zero water 
strategy balances water availability and use to ensure sustainable water supply for years to 
come” (U.S. Army, n.d.). 
3.1.1 EISA SECTION 438 
The primary purpose of the Energy Independence and Security Act of 2007 was to decrease 
foreign energy resource dependency and increase homeland energy efficiency through improved 
technologies and building practices (Pub. L. No. 110-140). The act also extended interests to other 
unapparent related resource issues as well, including stormwater management (42 U.S.C. §17094). 
EISA Section 438 calls upon federal facility operators to mitigate effects on hydrologic systems 
resulting from large scale federal development projects. The provision states: 
“The sponsor of any development or redevelopment project involving a federal facility with a 
footprint that exceeds 5,000 square feet shall use site planning, design, construction, and 
maintenance strategies for the property to maintain or restore, to the maximum extent 
technically feasible, the predevelopment hydrology of the property with regard to the 
temperature, rate, volume, and duration of flow.” (42 U.S.C. §17094) 
Further, the Assistant Secretary of the Army sent a memorandum to all of the U.S. Army on 
December 16, 2013, with guidance regarding updated sustainable design and development (SDD) policy 
for Army construction activities that reads, “Construction activities will be planned, programmed, 
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budgeted, designed, built, and operated to comply with EPAct 2005, EISA 2007, EO 13423, and EO 13514 
(references 1.b through 1.e), and conform to the guiding principles in the Federal Leadership in High 
Performance and Sustainable Buildings Memorandum of Understanding” (Assistant Secretary of the 
Army, 2013). 
3.1.2 EPA GUIDANCE 
To make apparent the technical qualitative and quantitative meaning of EISA Section 438, 
President Obama signed EO 13514 in 2009 that mandated the U.S EPA to develop guidance for federal 
agencies regarding criteria of Section 438. The resulting guidance developed by EPA, Technical Guidance 
on Implementing the Stormwater Runoff Requirements for Federal Projects under Section 438 of the 
Energy Independence and Security Act, was published in December 2009. This document is the 
foundation for technical guidance behind creation of NZPSC. EPA’s guidance for federal facilities is 
divided into a four step process: consideration of project’s applicability to EISA Section 438, 
establishment of design objective, evaluation of design options, and finalization of design and cost 
estimate (U.S. EPA, 2009).  
Determination of whether a site applies to EISA Section 438 regulation can be found directly in 
the statute.  The three qualifiers can be found within this provision for determining a federal facility’s 
responsibility to comply with EISA Section 438. The qualifiers are stated in the text, “development or 
redevelopment project involving a Federal facility with a footprint that exceeds 5,000 square feet”. 
Regulated projects are described as: 
1. A development or redevelopment project; 
2. Involving a federal facility; and 
3. Have a footprint of 5,000 square feet or more. 
Development or redevelopment is defined as:  
“… any action that results in the alteration of the landscape during construction of buildings or 
other infrastructure such as parking lots, roads, etc., (i.e., grading, removal of vegetation, soil 
compaction, etc.) such that the changes affect runoff volume, rates, temperature, and duration 
of flow. Examples of projects that would fall under “re-development” include structures or other 
infrastructure that are being reconstructed or replaced and the landscape is altered. Typical 
patching or resurfacing of parking lots or other travel areas would not fall under this 
requirement” (42 U.S.C. 17061). 
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Federal facility is defined as: 
“… any buildings that are constructed, renovated, leased, or purchased in part or in whole for 
the use by the federal government as defined in section 401(8) of the Energy Independence and 
Security Act” (42 U.S.C. 17061). 
The final qualifier is “a footprint that exceeds 5,000 square feet”. The 5,000 square foot footprint is 
interpreted by EPA as: 
“Section 438 applies to a federal facility ‘with a footprint that exceeds 5,000 square feet.’ For 
the purposes of this guidance, any project involving a federal facility that disturbs 5,000 square 
feet or more of ground area is covered by this guidance. Existing facilities that have an overall 
footprint of 5,000 square feet or greater that disturb less than 5,000 square feet of land area as 
part of any single development or redevelopment project are not subject to Section 438 
requirements. Consistent with the purpose of Section 438 to preserve or restore pre-
development hydrology, the term ‘footprint’ includes all land areas that are disturbed as part of 
the project” (U.S. EPA, 2009). 
With definitions provided, a federal project sponsor can adequately determine whether or not the 
proposed project will need to comply with EISA Section 438 stormwater standards. In general terms, any 
large scale project involving a federal facility must plan for EISA Section 438. 
Once applicability is established, the operator must establish a design objective. In order to 
meet the wide range of conditions and demands of the guidance user base, various methods for 
meeting compliance were provided. The EPA provided two approaches to determining the design 
objective within the guidance. Option 1 is to calculate and retain the 95th percentile storm rainfall 
volume on site. The 95th percentile rainfall event “represents a precipitation amount which 95 percent 
of all rainfall events for the period of record do not exceed” (U.S. EPA, 2009). Rainfall events included in 
this calculation should include at least 20-30 years of recent rainfall record (U.S. EPA, 2009). The 95th 
rainfall event was chosen by the EPA for the purpose that this “storm size represents the volume that 
appears to best represent the volume that is fully infiltrated in natural condition and thus should be 
managed onsite to restore and maintain this predevelopment hydrology for duration, rate and volume 
of stormwater” (U.S. EPA, 2009). By retaining stormwater runoff in a way that mimics natural hydrology 
of the site, qualitative characteristics such as temperature will be maintained as well, with the exception 
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of scenarios where the discharges are expelled into cool water streams or other outlier conditions 
(Schueler, 1989).  
Some municipalities within the U.S. have already implemented similar regulations, but instead 
use smaller percentile storm events, such as 85th and 90th percentile storms. While some dispute the 
necessity of designing stormwater infrastructure around the 95th percentile storm event, it was 
discovered that the 95th percentile storm calculation method provided within EPA’s technical guidance 
underestimates the volume retention required for a precipitation event that occurs 95 percent of the 
time or less (Nehrke & Roesner, 2004). Research instead suggests that a minimum interevent dry period 
(MIDP) be used to break up multiple storms that occur within a given day, 24 hour period, to better 
reflect the 95th percentile storm volume (Nehrke & Roesner, 2004). Therefore, while the design storm 
specified by the EPA is higher than most other comparable regulations, the calculation method provided 
by the EPA’s technical guidance might inadvertently produce a smaller volume than other regulation 
that applies a MIDP standard. 
The EPA recognizes that the 95th percentile approach is not appropriate for all possible project 
site conditions. EPA’s Option 2 employs a more data intensive method to determining predevelopment 
hydrologic conditions, the basis for net zero runoff. While there is no explicit methodology for Option 2, 
EPA suggests using “continuous simulation modeling techniques, published data, studies, or other 
established tools” to compare predevelopment hydrologic conditions to post development conditions, 
including the volume of runoff infiltrated, evapotranspirated, and harvested through LID (U.S. EPA, 
2009). The recognized runoff estimation methods advocated in EPA’s guidance include Rational Method, 
SCS TR-55, SWMM, and Direct Determination. Option 2 should be used if the 95th percentile approach is 
suspected to produce a too conservative or overly forgiving runoff volume in implementing on-site 
stormwater management design (U.S. EPA, 2009). 
The third step of EPA’s guidance is derived from the text of EISA Section 438 “shall use site 
planning, design, construction, and maintenance strategies for the property to maintain or restore, to 
the maximum extent technically feasible”. The calculating technology in question will be an integral step 
to the “planning” and “design” aspects of this provision.  Under certain conditions, amendment of the 
soil, structural constraints, state or local requirements may prohibit or limit the ability of a federal 
facility to meet EISA 438 standards. In such cases, it would be acceptable to forgo the infeasible 
demands placed on project sponsors (U.S. EPA, 2009). If infeasibility is determined, defending 
documentation should be provided including engineering calculations, geologic reports, hydrologic 
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analysis, and site maps (U.S. EPA, 2009). EPA suggests that sites use LID when feasible and traditional 
stormwater infrastructure as needed when mitigating post-development stormwater runoff (U.S. EPA, 
2009). The LID technologies that EPA explicitly recommends within the guidance are: 
• Rain gardens, bioretention, and infiltration planters; 
• Porous pavements; 
• Vegetated swales and bioswales; 
• Green roofs; 
• Trees and tree boxes; 
• Pocket wetlands; 
• Reforestation/revegetation using native plants; 
• Protection and enhancement of riparian buggers and floodplains; and 
• Rainwater harvesting (U.S. EPA, 2009). 
Each LID has different strengths, weaknesses and costs associated with them dependent on size 
and location. Application under Option 1 focuses on predominately the ability of LID to retain 
stormwater volume. In the case studies provided in EPA’s guidance, majority of the LID selections were 
calculated by Direct Determination, involving estimated storage volumes by media and soil type. In the 
case study analysis it was noted that SWMM (Stormwater Management Model) performed very well in 
accurately modeling the runoff compared to the various other calculation methods that used uniform 
rainfall distribution (U.S. EPA, 2009).  
The final step provided in the guidance is finalizing design and producing a cost estimate for 
budgeting. The methods and resources used for cost estimations of selected stormwater management 
inventory within the case studies were not explained. This step is important to ensure LID is prioritized 
during site development. Many times LID is constructed but not properly maintained, compromising the 
functionality and efficiency of pollutant removal (Blecken, Hunt, Al-Rubaei, Viklander, & Lord, 2015). To 
avoid this, maintenance, training, and labor costs should be included in the cost estimation and 
transparently discussed with appropriate authorities (Blecken et al., 2015). 
3.2 NET ZERO PLANNER STORMWATER CALCULATOR RUNOFF MODEL 
Since 2009, when guidance was initially set forth, the Army has struggled with ways to develop 
accurate in-house calculations for complying with regulation. As a result, the planning process often is 
completely contracted out to private firms, an additional cost to the Army. The Army Corps of Engineers 
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proposed creation of a stormwater runoff calculator that is able to produce planning data of equal or 
better quality as produced by contracted third parties through an inexpensive and streamlined process. 
This tool would be retrofit into the new U.S. Army Corps Net Zero Planner sustainable site planning 
software package. During development of this tool, multiple existing stormwater runoff calculators and 
technologies were studied to determine best methods for implementation pursuant to the Army’s 
mission. The final product is a user-friendly stormwater runoff estimation model that maintains accuracy 
sufficient for preliminary site planning to aid in compliance determination for EISA Section 438. This tool 
is called Net Zero Planner Stormwater Calculator (NZPSC).  
After review of existing stormwater runoff estimation technologies, EPA SWC was determined as 
best fit for objective of the NZPSC. Like EPA SWC, NZPSC is a simplified user interface for the underlying 
modeling technology SWMM. SWMM was chosen for its outstanding capabilities both remarked by the 
scientific community and success noted in the guidance documentation from preliminary testing by the 
EPA (Jang et al., 2007; Tsihrintzis & Hamid, 1998; U.S. EPA, 2009). SWMM is able to analyze control 
measures over a temporal and spatial scale, in a single event or continuous, and provided outputs of 
peak discharge, runoff volume, hydrographs, and water quality, which no other accepted method was 
capable of in aggregate (U.S. EPA, 2009). The challenge in using SWMM, is the relatively high skill set 
required for operation, comparative to various other technologies available. Like EPA in creation of the 
SWC, time and costs will be reduced by simplifying the user input process. Simplification measures taken 
include setting default pre-calculated weather data, individualized by U.S. Army Installation site, 
minimizing user confusion and error by prompting only essential input information for a SWMM model. 
Therefore, the NZPSC is a modified version of EPA SWC. The EPA SWC was not goal or standard 
oriented to reflect EISA Section 438. EPA SWC was modified in several ways to exactly fit the purpose 
and standards of the NZPSC mission. While NZPSC does not operate SWMM to its maximum capability, 
NZPSC can be easily modified in the future to take advantage of SWMM’s large set of capabilities and 
provide higher accuracy models if desired. Of course, the tradeoff would be user-friendliness, as 
calibration becomes fine-tuned with increased programming and likely increased user inputs. 
Nonetheless, greater fidelity and flexibility will lead to a plethora of secondary benefits such as 
decreased costs and time for site planners (Jang et al., 2007).  
3.2.1 NET ZERO PLANNER 
NZP is a site planning software package that incorporates various resource planning focuses for 
a site into one tool. The software is intended to exceed the capacity of in-house resources that are 
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currently available to federal planners. Current functions of NZP include energy, water, and waste 
planning. These features exist together, sharing attributes, and functioning as a single plan with many 
possible outcomes depending on the improvement package chosen. Stormwater is a subcategory of site 
water planning, housed in the “Water” branch of the tool. The existing water planning technology within 
the NZP addresses potable water use. The stormwater section is a separate module from the existing 
planning features for the fact that indoor building features are irrelevant to stormwater runoff volume 
and quality modeling. 
3.2.2 INPUT DATA 
The NZPSC is a simplified user interface that uses continuous modeling software, SWMM, to 
simulate the desired storm event(s). Continuous models can be calibrated or simplified to create 
scenarios varying greatly in complexity. User-friendliness was one of our priorities during development 
of the NZPSC tool. The output is a stormwater runoff report that will help the master planner of a 
federal facility determine basic stormwater runoff information, including whether their post-
development site is compliant with stormwater regulation, EISA Section 438. The required inputs 
include: 
 Total Site Area; 
 HSG Soil Type; 
 Soil Drainage (Ksat); 
 Average Annual Precipitation Conditions (Daily Time-step); 
 95th Percentile 24-Hr Design Storm (6 Minute Time-step); 
 Average Annual Evaporation (Monthly Time-step); 
 Land Cover; 
 Topography Slope; and 
 LID Specifications. 
The metrics of these inputs are selected to accommodate a federal master planner by mimicking input 
metrics that are typically employed during the planning process. A master planner would reasonably 
have knowledge of the inputs listed above with minimal reference. Almost all of the input information 
was derived using free online database records, as exemplified below in the discussed case studies. 
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3.2.2.1 SITE SIZE 
 The project site is considered the total encompassment of disturbed land (U.S. EPA, 2009). 
Typically, large area development plans (ADPs) are designed to perform multiple development or 
redevelopment projects concurrently in effort to achieve some large scale goal or mission. NZPSC does 
not take into consideration individual site projects, but instead evaluates an ADP as a whole. The site 
size and location is important to how development and redevelopment affect local stormwater runoff. 
Site size and location were required by every calculator evaluated during this study. 
3.2.2.2 SOIL 
Soil type is a key factor of how stormwater interacts with the earth’s surface. Depending on the 
soil makeup, precipitation is more or less likely to infiltrate into the soil subsurface. Hydrologic Soil 
Group (HSG) is a classification system of soil infiltration properties dependent on the major materials of 
a given soil. The classifications range from A to D, A reflecting soils with a high infiltration rate, and D 
reflecting soils with a low infiltration rate. Type A soils are classified as having low runoff potential due 
to their generally high sand content. Soil types B and C are a combination of material, containing 
medium textured particles found in silt and loam, resulting in medium runoff potential. D type soils have 
high runoff potential and low void ratios from high clay content (Cronshey et al., 1985).  
Nearly all of the calculators reviewed during development of NZPSC required the user to input 
the site’s HSG soil type. The EPA SWC contained an embedded database for HSG soil type by site 
location. The NZPSC development group decided to forgo an embedded database. This information is 
typically common knowledge for a site planner that would be operating the NZPSC, and therefor was 
determined an unnecessary feature. For the Fort Hood, TX and Fort Leonard Wood, MO case studies 
presented in Section 4, the HSG soil types were determined by using the Soil Survey Geographic 
Database (SSURGO). This information can be obtained using the USDA Web Soil Survey at 
http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm. At this site, the user is able to select the 
area of their project site and a soil report will reveal the primary soil materials found in the site area; 
these data are also available via spreadsheet download for manual assessment. 
In addition to HSG soil type, soil drainage is also an important determinant to stormwater runoff 
prediction. Soil drainage refers to the time that it takes for standing water to infiltrate the surface. 
Saturated Hydraulic Conductivity (Ksat) is another term used to describe the rate which water is able to 
move through soil in a completely saturated state. The EPA SWC uses this value to incorporate into the 
underlying SWMM model (U.S. EPA, 2014). Hydraulic Conductivity estimates can also be obtained via 
23 
 
SSURGO data. This attribute is also available as automatic lookup on the EPA SWC, but not yet available 
automatically on the NZPSC. 
The slope gradient of the site is also an important attribute of stormwater runoff. Slope refers to 
the degrees between the average high points and average low points of the site. Increased slope will 
produce greater runoff due to gravity’s effect on stormwater. Several of the reviewed calculators, 
including EPA SWC, required the user to input site slope. The slope is another input that is available via 
database within the EPA SWC. The NZPSC does not currently contain a database lookup for slope like the 
EPA SWC. Ideally, site operators will be able to obtain estimates or estimate visually the average slope of 
the project site. Slope estimates can also be obtained via SSURGO data if unknown. 
3.2.2.3 PRECIPITATION AND EVAPORATION 
As stated previously, EPA gives two alternatives for approaching stormwater retention on site in 
their EISA Section 438 technical guidance; 1) calculate the 95th percentile storm or 2) conduct a site-
specific hydrologic analysis (U.S. EPA, 2009). The NZPSC is intended for preliminary planning estimates of 
magnitude that will reflect how a typical site would react hydrologically to development. Therefore, the 
95th percentile storm alternative was used as foundation for the NZPSC. This decision does not 
undermine EPA’s proposed Option 2 application where “Option 1 (retaining the 95th percentile rainfall 
event) is not protective enough to maintain or restore the predevelopment hydrology of the project 
(e.g. some headwater streams)” or conversely, “if predevelopment condition can be maintained by 
retaining less than the 95th percentile rainfall event” (U.S. EPA, 2009). The NZPSC is simply a tool 
intended to streamline the initial stormwater planning process for federal facilities and begin 
conversation surrounding sustainable stormwater management design. 
EPA thoroughly explains acceptable approaches to calculating the 95th percentile 24-hour storm 
event directly within their EISA Section 438 Guidance. Precipitation and evaporation data were pre-
processed for over seventy Army Installations located within the United States. The NZPSC’s underlying 
modeling software, SWMM, requires average annual precipitation data and evaporation data in addition 
to a synthetic design storm. Precipitation input files were calculated using BASINS database. BASINS 
(Better Assessment Science Integrating point & Non-point Sources) is an US EPA watershed and water 
quality-based model which contains a nation-wide weather database. The BASINS database contains 
daily and hourly observed precipitation data for the United States and U.S. territories via the National 
Climatic Data Center (NCDC) (U.S. EPA, 2013b). The US EPA pre-screened the data to assign missing data 
appropriate values and contains data from over 6,000 stations. 
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The appropriate data station for each installation was chosen based on two qualifiers. Data from 
the weather station 1) closest to each installation 2) with at least 30 years of data was then downloaded 
from http://www.epa.gov/waterscience/ftp/basins/met_data/. The US EPA recommends using at least 
30 years of data as the foundation for runoff calculations (U.S. EPA, 2009). The 95th percentile storm 
was calculated from the data available according to each weather station by installation. Reasoning and 
methodology for calculating the 95th percentile storm can also be found in EISA 438 guiding document, 
EPA 841-B-09-001 (EPA, 2009). All 24-hour storm events, 0.1 inches of precipitation or less, were 
removed to account for abstractions.  
SCS TR-55 method was used to calculate a 24-hour rainfall distribution using the 95th percentile 
rainfall event. TR-55 was developed by the Natural Resources Conservation Service (NRCS) and is a 
nationally accepted methodology for generating design storms (RW.ERROR - Unable to find 
reference:70). According to TR-55 geographic zones, each installation was assigned rainfall intensity 
curve I, IA, II, or III. The rainfall intensity curves distribute a daily rainfall amount over a 24-hour period, 
mimicking that of the typical precipitation duration and intensity for a given geographic area. The 24-
hour rainfall is generated independent of temporal parameters, thus, a random date was chosen for the 
specific design storm modeled by the NZPSC. 
WeaGETS, a weather generation model, that creates synthetic precipitation records reflecting 
an average calendar year for a given location based on several years of real life daily precipitation data.  
The model utilizes a first-order Markov Chain and Gamma Distribution to model the synthetic year event 
(Chen, Brissette, Leconte, & Caron, 2012). WeaGETS has been proven to outperform other comparable, 
more simplistic models that do not account for low-frequency of climate variability (Chen, Brissette, & 
Leconte, 2011; Chen et al., 2012; Chen, Brissette, & Leconte, 2010). Corresponding BASINS gage data 
was fed into the model to generate weather files for each installation. The generated year of 
precipitation values is used to calculate the annual runoff estimate within SWMM. While this data is not 
specifically required for ensuring compliance with EISA 438, it is supplemental to the NZP program 
overall and useful for record. 
SWMM incorporates historic evaporation data into the model when estimating stormwater 
runoff volumes. Input files containing a year of average monthly evaporation volume in inches were 
created for the selectable Army Installations. As for precipitation, gages with at least 30 years of 
monthly evaporation records were chosen to create a synthetic year of evaporation volumes. 
Evaporation records were derived from the Hydro-Climatic Data Network (HCDN), 
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http://daac.ornl.gov/HYDROCLIMATOLOGY/guides/hcdn_monthly_hydroclim.html. These values were 
applied and deducted by SWMM proportionally from the estimated runoff volumes of both the 24-hour 
and annual events.  
3.2.2.4 LAND COVER 
Land cover describes the condition of both the natural undeveloped earth surface and built 
earth surface. The SCS created a numeric system to describe the infiltration capacity of a surface, for 
both natural and manmade media. Land cover surface, in combination with the HGS soil type, contribute 
to an overall assigned “curve number” value. A curve number value represents the percentage of 
precipitation that will fail to immediately infiltrate the surface and instead runoff upon surface contact 
(Cronshey et al., 1985). The more porous a material is, the lower the curve number will be. For example, 
concrete will have a high curve number and sand will have a low curve number. 
The natural land cover types included within the NZPSC are: lawn, meadow, forest, and desert. 
Once the land cover types are selected and assigned an area size, the appropriate curve number will be 
applied to that portion of the total site area. Impervious area is typically considered as any built 
environment that covers earth surface such as parking lot, building, roads, etc. The user can enter the 
impervious surface area further specified by individual type of impervious cover or as a single 
cumulative impervious area value. Available impervious surface types consist of roof, street, sidewalk, 
and parking lot area. Since all impervious surface types are indiscriminately assigned identical curve 
number values, they can be aggregated and input as a single area unit. All impervious area is entered as 
square footage in the NZPSC. 
3.2.2.5 LID 
The current LID selection embedded within the NZPSC corresponds to the selection within the 
EPA SWC and further, SWMM. This menu includes disconnection, rain harvesting, rain gardens, green 
roofs, street planters, infiltration basins, and permeable pavement. While the selection is not as 
extensive as other tools, it is representative of basic stormwater management technologies available at 
large. SWMM models LID by LID category and various parameters of that LID i.e. depth of infiltration 
media. Ultimately, available LID can be highly modified through available adjustable parameters to 
mimic the function of almost any specific LID technology within the SWMM model. It is expected that 
the current LID selection embedded within NZPSC will more than sufficiently meet the needs of 
intended users for basic preliminary planning purposes as it has for the EPA SWC. 
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3.2.3 OUTPUT DATA 
 The output report provided by the NZPSC is consistent with SWMM’s signature output report 
format. The file contains runoff estimates in various metrics for a diverse set of runoff estimate 
quantification options. SWMM will run a model for each scenario, predevelopment, post-development, 
and post-development with LID. A single report is currently being developed to reflect all three 
scenarios for comparison of runoff volumes. From these three sets of values, a brief analysis will be 
provided to describe the EISA Section 438 compliance conditions. The available stormwater runoff 
estimations available within the SWMM output report are: 
• Average Annual Total Precipitation (acre-feet and inches); 
• Average Annual Evaporation (acre-feet and inches); 
• Average Annual Infiltration (acre-feet and inches); 
• Average Annual ADP Runoff (acre-feet and inches) 
• Average Annual ADP Evaporation and Infiltration Loss (acre-feet) 
• Design Storm Total Precipitation (acre-feet and inches); 
• Design Storm Infiltration (acre-feet and inches); 
• Design Storm Evaporation (acre-feet and inches); 
• Design Storm ADP Runoff (acre-feet and inches); and 
• Design Storm ADP Evaporation and Infiltration Loss (acre-feet). 
From these estimations, the user will determine compliance, revise development plans accordingly, run 
the model, and repeat until an optimal solution is reached. 
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 MODEL OUTPUT COMPARISON 
4.1 PURPOSE 
 This analysis is an overview of the advantages and disadvantages in using various stormwater 
runoff estimation methods. Four stormwater runoff estimation methods, ranging in complexity, were 
applied to two real redevelopment scenarios taking place on military lands. Each stormwater runoff 
estimation method was represented by a notable calculator commonly utilized within the planning 
community. The Net Zero Planner Stormwater Calculator (NZPSC) was created concurrently during the 
development of this study. The NZPSC was designed to generate statistically more accurate and precise 
stormwater runoff estimations than user-friendly calculators currently available to military planners and 
developers. 
 The first question that this comparison anticipated to answer was whether SWMM as a 
standalone model and Net Zero Planner Stormwater Calculator, a modified interface of SWMM, produce 
significantly different runoff estimates. According to scientific literature, SWMM is the most accurate 
and complex modeling method available to the scientific community (Jang et al., 2007; Tobio et al., 
2015; Trommer, Loper, & Hammett, 1996; Tsihrintzis & Hamid, 1998). The NZPSC is a simplified interface 
that runs background software, SWMM, to produce runoff estimates. By establishing that the outputs of 
SWMM and NZPSC are statistically the same, it can be extended to SWMM’s superiority as runoff 
estimation technology to infer that the NZPSC is the best estimate when compared to alternative non-
continuous modeling methods. 
 The comparison what continued to determine if NZPSC, Green Values® Stormwater 
Management Calculator, Army LID Planning Tool, and EPA National Stormwater Calculator produce 
significantly different runoff estimations for the study. If, in fact the calculators produce statistically 
different results, it can be determined that there is a clear calculator hierarchy. Further, if in fact the 
NZPSC’s outputs are statistically similar to SWMM’s, it can further be insinuated that NZPSC is the best 
calculator to use when estimating federal facilities’ net stormwater runoff volume.  
 If there is another calculator of lower complexity that performed equally well with the NZPSC, it 
is then asked if it is worth the technology improvement investment to use continuous modeling 
technology over linear stormwater runoff estimation technologies currently accepted and promoted by 
the U.S. EPA. If the sample calculators, including the NZPSC, produce statistically similar results, it may 
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not be efficient to encourage federal facilities’ adoption of this planning technology. From this study, 
one can better advise federal facilities on which preliminary stormwater runoff estimation technologies 
to employ as best management practice for site-scale stormwater management. 
4.2 METHODS 
 In order to compare runoff estimation technology, a sample population of technologies were 
applied to site scale development plans. This sample was composed of one calculator from each 
category of classified common method: Simple TR-55, Moderate TR-55, and Continuous. These 
technologies were tested using two real federal redevelopment projects that are regulated under 
federal regulatory statute EISA Section 438. The first case study was the Fort Leonard Wood, Missouri 
Downtown redevelopment project. The second case study performed was Fort Hood, Texas 1st Cavalry 
redevelopment project. These two sites together were used to produce stormwater runoff estimates for 
comparison. Each calculator was applied to the three different scenarios consistent with stormwater 
runoff management planning: predevelopment, post-development, and post-development with 
incorporation of LID practices. The calculator inputs raged greatly in metrics and number of inputs 
available to the operator. The inputs were entered consistently as possible across all four calculators to 
minimize dependent variables that would cause discrepancy between the runoff estimation outputs. 
The outputs were converted into a single metric of centimeters. 
 Using the runoff estimates from the 95th percentile 24-hour storm event, evaluation of 
compliance with EISA Section 438 was possible for each case study by runoff estimation technology 
applied. The net stormwater runoff was calculated for predevelopment and post-development, and 
again for post-development with the incorporation of LID. Because EPA SWC only reports runoff by 
annual volume, the average annual site runoff was used for the basis of this analysis. Compliance was 
then determined by the sign of the difference; if it is positive the post development site does not fully 
mitigate additional runoff produced, if zero or negative, the additional runoff was completely managed. 
While average annual runoff volume was used to determine compliance for the EPA SWC, the data were 
treated as if it were the 95th percentile 24-hour storm. The difference therefor does not represent actual 
compliance conditions, but instead a general review of how the calculator operated when fed site 
conditions. It was important to include the EPA SWC in this analysis regardless of the output limitation 
because it was the primary model for development of the NZPSC. 
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EQUATION 2. NET STORMWATER RUNOFF WITHOUT LID.  
∆ 𝑅 = 𝑃𝐷 − 𝑃 
EQUATION 3. NET STORMWATER RUNOFF WITH LID.  
∆ 𝑅 = 𝑃𝐿 − 𝑃 
∆ 𝑅 : Net Stormwater Runoff Volume (cm) 
𝑃𝐷 : Post Development Runoff Volume without LID (cm) 
𝑃 : Predevelopment Runoff Volume (cm) 
𝑃𝐿 : Post Development Runoff Volume with LID (cm) 
Consistent with the RRM and EPA’s EISA Section 438 Guidance, the only runoff attribute included in this 
analysis was volume. Volume was reported in centimeters and weighted by area for Fort Hood, where 
there were several independent calculations performed for the entire site due to size. The calculator 
runoff estimations are reported below within the case studies. 
 Finally, the runoff volume estimations from each calculator were compared to the NZPSC’s 
outputs. To calculate the statistical significance of these comparisons, a paired statistical test was used 
to block the runoff calculation for each individual experiment condition. The NZPSC produces average 
annual runoff volume in addition to design storm runoff. When EPA SWC was compared to NZPSC, the 
average annual runoff volume was used for comparison instead of the 95th percentile 24-hour event. 
There were 15 experimental conditions for each statistical test: one representing each combination of 
case study site (Fort Leonard Wood and all Fort Hood Quadrants) with development scenario 
(predevelopment, post-development, and post-development with LID). This statistical comparison was 
completed for each of the three testing calculators: Army LID Planning Tool, Green Values® National 
Stormwater Management Calculator, and EPA SWC.  
 Due to the small sample size of data, it was not possible to assume a normal distribution of the 
population. Subsequently, a nonparametric test was used to compare the paired calculator outputs. The 
test applied was the Wilcoxson Signed Rank test. The Wilcoxson Signed Rank test compares medians of 
datasets to determine whether the data are born from the same population. If two outputs have 
statistically significant similar medians, it is concluded that there is not quantitatively a superior 
calculator. If the calculators’ output medians are not statistically similar, it was determined that there is 
a quantitative advantage of one technology over the other. Following this analysis, a qualitative 
comparison of statistically relevant calculators is provided. This comparison is an overview of which 
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calculators were easier to operate from the perspective of a site planner. From the combination of 
quantitative and qualitative evaluation, the calculator best suited to perform preliminary site 
stormwater runoff planning for EISA Section 438 compliance was identified. 
4.3 NZPSC & SWMM COMPARISON 
In order to ensure the NZPSC was functioning properly, the NZPSC and SWMM were ran using the 
exact same inputs. Because NZPSC is just an interface for SWMM, both tools should produce identical 
outputs. Originally, some variation between the two technologies’ outputs was expected due to slight 
coding differences and other small differences. Moreover, several design storms were chosen to model 
using the two technologies. An area within Fort Hood was used as a test site for this comparison. A 75th 
percentile 24-hour design storm was applied first. 
FIGURE 5. SWMM RUNOFF ESTIMATION FOR TRUTHING 
  
FIGURE 6. NZPSC RUNOFF ESTIMATION FOR TRUTHING 
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 The NZPSC and SWMM produced identical runoff estimation volumes to three decimal points as 
noted above in Figures 5 and 6. Due to this extreme accuracy, it was determined that no further testing 
was needed to validate the NZPSC. From this test, the superiority assumption can be applied to the 
NZPSC for the remainder of this analysis. 
4.4 CASE STUDY A: FORT LEONARD WOOD, MO 
Four stormwater calculators, EPA SWC, Green Values® National Stormwater Management 
Calculator, Army LID Planning Tool, and the NZPSC, were used to estimate net stormwater runoff 
generated by a large downtown redevelopment project underway at Fort Leonard Wood, Missouri. Per 
EISA Section 438, the goal of this case study is to ensure that net zero stormwater is generated from pre- 
to post development through LID practices. Using these stormwater volume runoff estimates, it was 
determined whether the site meets this net zero standard or not. The stormwater runoff estimate 
outputs produced for this case study were later incorporated into the data used for statistical analysis 
that compared the various runoff estimation technologies. 
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4.4.1 SITE 
FIGURE 7. FORT LEONARD WOOD LAND COVER TRENDS AUTOCAD LAYER 
 
The redevelopment project was proposed for the Fort Leonard Wood Downtown area in effort 
to create a “family and soldier-friendly downtown” (The Louis Berger Group, Inc., 2012). Major changes 
include improved walkability through redesigned parking, increased site stormwater retention, and 
improved building standard. The entire project spans 222.3 acres. Due to the size of the project, the site 
was divided into quadrants: northeast, northwest, southeast, and southwest. For ease of data 
management, these quadrants were maintained for most of the data collection process and then 
aggregated when entered as inputs into the calculators. 
4.4.2 SOIL 
The site’s soil data was abstracted from SSURGO. The HSG soil profile revealed that the site is 
almost entirely made up of type D soil as shown in Table 1. This indicates that the soil is likely to have 
high clay content, very high runoff potential, and low infiltration capabilities. Soil type will also play an 
important role during the LID planning phases, when effective LID are selected to mitigate stormwater 
runoff volume and pollutant load. Because the soil of the site has a high runoff potential, the site 
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planner will be limited to only a subset of LID that function properly in low infiltration areas, or will 
require soil to be amended or engineered. 
Soil infiltration rate was required for input in both the EPA SWC and the NZPSC. This value is 
obtained through the weighted Ksat. Weighted Ksat was also obtained from SSURGO. The weighted Ksat 
value used for soil drainage input was 0.43 inches per hour, shown in Table 1.  
TABLE 1. SSURGO HSG AND SOIL DRAINAGE PROFILE FOR FORT LEONARD WOOD, MO DOWNTOWN 
 
Units 
Weighted Ksat for all soil 
layers (soil drainage) 
Micrometers/ Second 3.031 
Inches/ Hour 0.43 
 
4.4.3 PRECIPITATION AND EVAPORATION 
Rainfall volumes were manually calculated and entered for Army LID Planning Tool, Green 
Values® National Stormwater Management Calculator, and NZPSC. The 95th percentile storm event was 
calculated using EPA’s Technical Guidance on Implementing the Stormwater Runoff Requirements for 
Federal Projects under Section 438 of the Energy Independence and Security Act. Fort Leonard Wood’s 
synthetic 24-hour 95th percentile design storm, required for NZPSC, was created by applying the 
appropriate TR-55 24-hour rainfall distribution curve to the 95th percentile storm event. The 
precipitation data were obtained from US EPA’s BASINS database. BASINS contains daily and hourly 
observed precipitation event records for the U.S. and U.S. territories via the National Climatic Data 
Center (NCDC) (U.S. EPA, 2013a). Precipitation records for Fort Hood were downloaded from 
http://www.epa.gov/waterscience/ftp/basins/met_data/.  
Map unit 
symbol 
Map unit name HSG Rating 
Rating 
(micrometers 
per second) 
Acres 
in 
AOI 
Percent 
of AOI 
Weighted 
Ksat 
73016 Viraton silt loam, 3 
to 8 percent slopes 
D 
4.1591 109.1 48.30% 
2.0088453 
73018 Clarksville very 
gravelly silt loam, 
15 to 35 percent 
slopes 
A 
28 0.1 0.00% 
0 
73136 Union silt loam, 1 
to 3 percent slopes D 
1.4122 101.9 45.10% 
0.6369022 
76008 Cedargap gravelly 
silt loam, 1 to 3 
percent slopes, 
frequently flooded 
B 
5.922 14.6 6.50% 
0.38493 
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Fort Leonard Wood’s 95th percentile 24-hour storm event volume was calculated from 60 years 
(1949-2009) of historic precipitation data collected at station MO238777. Because of Fort Leonard’s 
Midwestern location, storm type II rainfall curve was applied to the historic 6-minute interval rainfall 
data from BASINS. From this data distribution, the 95th percentile 24-hour rainfall event was calculated 
to be approximately 1.8 inches. The calculators then used this volume to estimate the runoff produced 
in the downtown project site area for pre- and post-development scenarios.  
The NZPSC model requires an input file that reflects average conditions for a calendar year. 
Gage station data from MO238777 were fed into the WeaGETS model to generate a calendar year of 
synthetic weather data by day, a 24-hour event, for Fort Leonard Wood, MO. The generated monthly 
precipitation values were used to calculate average annual runoff for the site.  
Monthly evaporation volume values were derived from the Hydro-Climatic Data Network 
(HCDN), http://daac.ornl.gov/HYDROCLIMATOLOGY/guides/hcdn_monthly_hydroclim.html. 
Evapotranspiration data from evaporation station gage 6928000 was averaged by month and input into 
the models. These values were applied and deducted by SWMM proportionally from the estimated 
runoff volumes of both the 24-hour and annual events. The same precipitation and evaporation stations 
were selected from the available database station options and applied within the EPA SWC. This was the 
only one of the two case studies performed where gage station data was consistent across all four 
stormwater runoff estimation tools. 
4.4.4 LAND COVER 
ERDC-CERL was provided an AutoCAD file illustrating existing conditions and post-development 
plans for the Fort Leonard Wood Downtown area. Using the AutoCAD layers, pre- and post-development 
land cover percentages and square footage were determined from the attached polygon area attributes 
when available or manually calculated through AutoCAD area measurement tools when not available. 
Land cover types that were included in the area development plan (ADP) file include: Building, Parking, 
Road, Sidewalk, Lawn, and Forest. There was minimal Sidewalk data provided, thus, the sidewalk was 
estimated to consume 1% of total area within each downtown quadrant, based on visual estimation, or 
4% total site area cumulatively.  
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TABLE 2. LAND COVER INPUTS FOR FORT LEONARD, MO REDEVELOPMENT PLAN 
Inputs Army LID (Acres) EPA SWC (Percent) Green Values®  NZPSC 
Predevelopment 
Wooded 9.9 4.5% 4.5% 4.5% 
Lawn 113.3 50.8% 50.8% 50.8% 
*LID as Lawn 2.7 1.2% 1.2% 1.2% 
Impervious 99.6 44.7% 4,339,780 sf 4,339,780 sf 
     
Post-Development 
Wooded 9.9 4.5% 4.5% 4.5% 
Lawn 111.5 50.0% 50.0% 50.0% 
*LID as Lawn 2.7 1.2% 1.2% 1.2% 
Impervious 101.4 45.5% 4,417,450 sf 4,417,450 sf 
     
Post-Development with LID 
Wooded 9.9 4.5% 4.5% 4.5% 
Lawn 117.4 52.7% 52.7% 52.7% 
*LID as Lawn 8.6 3.9% 3.9% 3.9% 
Impervious 95.5 42.9% 4,165,024 sf 4,165,024 sf 
 
*LID is already included in the Lawn area calculation, this value is strictly for reference, not input 
 
Using the calculated land cover area values, the three calculators were ran for predevelopment, 
post-development without LID, and post-development with LID, per provided ADP specifications. User 
inputs vary between calculators by both required information and the metrics of said information. 
Manual input values were entered uniformly across calculators when possible to minimize dependent 
variables affecting differences in site runoff volume estimations. For simplification purposes, all 
impervious surface areas (i.e. buildings, sidewalks, roads, etc.) were entered as “Parking” in the Green 
Values® National Stormwater Management Calculator. Since all impervious surface land cover types are 
treated equally and applied with the same curve number within the model, it was reasonable to 
aggregate the impervious surface areas and apply it as a single value rather than several independent 
values (CNT, 2009).  The calculated land cover areas entered for each calculator can be found in Table 2, 
above. 
The ADP initially suggested LID such as bioswales and tree planters would be implemented 
throughout the site (The Louis Berger Group, Inc., 2012). However, it was later discovered during a 
meeting that the areas planned for LID were not true engineered LID, but instead receiving plantings 
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consistent with “lawn” type land cover (Parker, 2015).  Therefore, any LID indicated within the ADP was 
included as land cover “lawn” percentage. Due to the high runoff potential of the site, it was important 
here to remain conservative by not overstating LID capability. Furthermore, none of the LID options in 
any of the calculators were employed during this case study due to the lack of technical function and 
engineering. 
4.4.5 OUTPUT 
 Below are the stormwater runoff estimate output values in centimeters from each calculator for 
all three development scenarios. The left three columns of data represent runoff volume from Fort 
Leonard Wood’s 95th percentile 24-hour storm event and the two right columns (EPA and NZPSC-An) 
represent the site’s average annual stormwater runoff volume. 
TABLE 3. FORT LEONARD WOOD 95TH PERCENTILE 24-HOUR RUNOFF ESTIMATION OUTPUTS. 
Runoff (cm) Army LID Green Values® NZPSC-95 EPA NZPSC-An 
PD 2.35 2.06 2.32 45.80 43.10 
P 2.35 2.08 2.35 46.58 43.98 
PL 2.35 2.01 2.25 43.94 41.47 
Compliance      
PD - P 0 0.03 0.03 0.79 0.88 
PL - P 0 (0.05) (0.07) (1.85) (1.63) 
 
 Runoff Volume Estimates (cm) 
Scenario Avg. 24-Hour Avg. Annual 
PD 2.24 44.45 
P 2.26 45.28 
PL 2.20 42.70 
 
 Each calculator was run three times to simulate three scenarios: pre-development, post 
development, and post development with proposed tree planters. Average estimated stormwater runoff 
volumes produced by the 95th percentile 24-hour for Fort Leonard Wood, MO event ranged were 2.24, 
2.26, and 2.20 centimeters for predevelopment, post-development, and post-development with LID 
respectively, based on outputs from the Army LID Planning Tool, Green Values® National Stormwater 
Management Calculator, and NZPSC. The estimated average annual runoff volumes were 44.45, 45.28, 
and 42.70 centimeters for predevelopment, post-development, and post-development with LID 
respectively, based on EPA SWC and NZPSC outputs. All calculators unanimously calculated that 
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stormwater runoff volume would increase from predevelopment to post-development. Again, there was 
unanimous consensus that with the planned LID, additional stormwater runoff produced by 
development would be mitigated in full. 
4.4.6 DISCUSSION   
 Comparable metrics suggest that the calculators performed relatively similarly. The range in 
output values for the 95th percentile 24-hour design storm was only 0.07 centimeters of runoff. This is a 
very small value compared to the initial design storm precipitation volume input of 1.8 inches. From 
these calculations it can confidently be assume that the planned LID will adequately mitigate any 
additional runoff accrued from increased development.  
The Army LID Planning Tool runoff volume estimates show that the calculator was relatively 
insensitive to land cover changes. The calculator predicted a runoff volume of 2.35 centimeters across 
all three development scenarios. This calculator also consistently produced the highest runoff volume 
estimates with the exception of Post-Development, when it was equal to NZPSC’s estimate. The static 
runoff volume estimates led us to the conclusion that any development scenario (post-development 
with our without LID) would not alter the hydrologic conditions of the site. This statement is unlikely and 
causes skepticism of the tools performance during this case study. This outcome may be due to the 
calculator’s defaulted rounding or conversion settings. 
Green Values® National Stormwater Management Calculator produced the lowest estimates of 
the three compared calculators for Fort Leonard Wood’s 95th percentile 24-hour storm event. The 
calculator produced small volume variations between all three scenarios. This suggests that the planned 
development and LID do affect the site’s stormwater runoff volume for this particular storm event. The 
site experienced an estimated runoff increase of 0.02 cm from predevelopment to post-development 
and a 0.07 cm volume decrease once LID was implemented. According to the Green Values® calculator, 
the LID over compensates for the increased runoff experienced post-development. 
The NZPSC provided estimates following a similar trend to Green Values®. The change in volume 
between the three scenarios were more extreme than the other two calculators tested for the 95th 
percentile 24-hour design storm. This suggests that the NZPSC was most sensitive to land cover changes 
between development scenarios. The NZPSC also provided runoff estimates that fell between Army LID 
Planning Tool and Green Values® National Stormwater Management Calculator. From this case study, it 
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appears that the continuous modeling approach is a moderate estimate when compared to the two 
other approaches, Simple TR-55 and Moderate TR-55. 
The EPA SWC predicted high runoff volumes compared to the annual output of the NZPSC. 
Although the values were higher, the variations between the runoff estimates from scenario to scenario 
were almost identical. It can be concluded then that both continuous modeling approaches interpreted 
land cover changes almost identically, but, the base stormwater runoff volume was higher for EPA SWC. 
Despite using the same storm gage information, there could be slight variations in data screening and 
calculator programming that would cause discrepancies in estimates. These discrepancies are especially 
pronounced when calculating larger magnitude events such as average annual runoff. 
Overall, the calculators provided the same conclusions for the Fort Leonard Wood case study. 
The site is predicted to experience a net increase in stormwater runoff from predevelopment to post-
development. The planned LID however completely mitigate this net increase when applied. The Army 
LID Planning Tool, generally provided high estimates of runoff volume. Green Values® National 
Stormwater Management Calculator, generally produced low estimates comparatively. NZPSC produced 
estimates that fell between simple and moderate TR-55 methods. EPA SWC was another continuous 
modeling method that estimated average annual site runoff, and produced larger estimates when 
compared with the NZPSC. Given the magnitude of estimation, the values were relatively similar, varying 
no more than 2.7 cm for any one experimental condition runoff estimation. 
4.5 CASE STUDY B: FORT HOOD, TX 
The second case study completed was for the 1st Cavalry area located within the northwest 
corner of the Fort Hood, Texas cantonment, where extensive redevelopment work is being planned. 
Once again, the four stormwater calculators were used to calculate the estimated net runoff resulting 
from the planned redevelopment improvements. Like Fort Leonard Wood, the estimated net runoff will 
need to be retained on site through LID to comply with EISA Section 438 stormwater mandates. From 
these runoff volume estimates, whether the planned stormwater infrastructure is sufficient to meet 
compliance is determinable. The stormwater runoff estimate outputs produced for this case study were 
later incorporated into the data used for statistical analysis that compared the various runoff estimation 
technologies. 
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4.5.1 SITE 
FIGURE 8. FORT HOOD 1ST CAVALRY PROJECT SITE GIS MAP. 
 
 
 Fort Hood is a 239,000 acre army installation located in central Texas. The redevelopment 
project planned for Fort Hood spanned 1,519 acres total within the 1st Cavalry area of the garrison. This 
project included a variety of goals and small scale projects. Much of the redevelopment work included 
updating the buildings, including many of the barracks, and redesign of street structure to maximize 
green area and walkability. Due to the scale of this project, the site had to be divided into quadrants to 
perform the calculations. The site was divided based on physical built features, not in regard to drainage 
flow. Once the site was divided, the areas were reduced to 380, 343, 497, and 301 acres. The 
calculations and calculator testing were applied independently to each quadrant. The runoff volumes 
were then weighted by area and tested for compliance as an entire site.  
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4.5.2 SOIL 
The site’s soil data was abstracted from SSURGO through the Web Soil Survey. The HSG soil 
profile revealed that the site contained majority type C and D soil as shown in Figure 9. For a 
conservative prediction, an HSG soil type of D, was applied since this dataset is at a relatively large scale 
and soil type D is the prevalent soil type for Fort Hood as a whole. It was important to provide a 
conservative estimate due to the LID applied to the site. Permeable paving requires adequate infiltration 
in order function properly.  
FIGURE 9. FORT HOOD HSG 
Soil infiltration rate was required for input in both the EPA SWC and the NZPSC. This value is obtained 
through the weighted Ksat. Weighted Ksat was also obtained from SSURGO. The weighted Ksat value used 
for soil drainage input was approximately 0.485 inches per hour, shown in Figure 9.  
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FIGURE 10. FORT HOOD SSURGO KSAT VALUES 
 
4.5.3 PRECIPITATION AND EVAPORATION 
Rainfall volumes were manually calculated and entered for Army LID Planning Tool, Green 
Values® National Stormwater Management Calculator, and NZPSC. Like Fort Leonard Wood, Fort Hood’s 
synthetic 24-hour 95th percentile design storm was created by determining the 95th percentile storm 
event precipitation volume and then applying the appropriate TR-55 24-hour rainfall distribution curve. 
The precipitation data were also obtained from US EPA’s BASINS database. Precipitation records for Fort 
Hood were downloaded from http://www.epa.gov/waterscience/ftp/basins/met_data/.  
Fort Hood’s 95th percentile 24-hour storm event volume was calculated from 68 years (1915-
1983) of historic precipitation data collected at station TX411984. Fort Hood is located in the relatively 
northwestern region of Texas, storm type III rainfall curve was applied to the historic 6-minute interval 
rainfall data from BASINS. From this data distribution, the 95th percentile 24-hour rainfall event is 
approximated to be 2.108 inches. Gage station data from TX411984 were fed into the WeaGETS model 
to generate a calendar year of synthetic weather data by day, a 24-hour event, for Fort Hood, TX. The 
generated monthly precipitation values were used to calculate average annual runoff for the site. 40 
years (1951-1990) of monthly potential evapotranspiration data from evaporation station gage 8101000 
was averaged by month and input into the models.  
Alternative weather stations were applied to EPA SWC. This was necessary because gage 
TX411984 and evaporation gage 8101000 were not available for selection within the EPA SWC database. 
Instead, a gage located at Copperas Cove 5NW was used for precipitation records and a gage at 
Gatesville 4 SSE was used for evaporation data. The same qualifiers were used when selecting these 
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gages as for BASINS data screening: the closest gage to the site with at least 30 years of records. This 
discrepancy of contradicting weather data inputs between EPA and the other three calculators likely 
contributed largely to the runoff volume estimate differences. 
4.5.4 LAND COVER 
Due to the large area of the 1st Cavalry redevelopment site, roughly 1,500 acres, the land cover 
inputs were unmanageable. With this size of a site, EPA SWC was inoperable due to exceedance of the 
500 acre site limit embedded within the program. Therefore, the site was divided into four individual 
quadrants, each less than 500 acres, illustrated in Figure 4. By dividing the site into four manageable 
quadrants, the use of EPA SWC was made possible for runoff analysis. 
An AutoCAD file of pre and post-development land cover was not available for use. Existing GIS 
layers, Google Earth imagery, and Urban Collaborative’s Area Development Plan (ADP) for the 1st Cavalry 
were used in combination to determine the land cover predevelopment, post-development, and 
planned LID area specifications. Existing land cover was calculated using GIS shapefile layers that 
comprised of: 
• Planned Demolish Pavement; 
• Planned Demolish Buildings; 
• Existing Parking; 
• Existing Sidewalk; 
• Existing Road; and 
• Buildings to Remain. 
Land cover was classified by the ADP, for both predevelopment and post-development, as: 
• New Building Footprint; 
• Demolish Building Footprint; 
• Paving; 
• Sidewalk; 
• Planting Strips; 
• Medians; and 
• Landscaping. 
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A uniform classification system was applied to the land cover data for pre- and post-development land 
cover comparison. This uniform classification was necessary to perform land cover area calculations, net 
increase or decrease of a given land cover type. Subsequently, the classifications were combined and 
condensed into a simple designation of: 
• Buildings; 
• Green Space; 
• Road & Parking; and 
• Sidewalks. 
The determined land cover input values by metrics required per calculator are listed below in Table 4. 
The impervious surface values were aggregated and applied as a single value within the calculators. This 
was a reasonable method due to the fact that all impervious surface types are treated equally with the 
same curve number. 
4.5.5 LID 
The LID technology incorporated into the calculations were taken explicitly from the 
development plans provided by Fort Hood. The LID were applied in the calculator according to the 
quadrant that they correlated with. LID practices included in the ADP were: 
• Permeable Paving; 
• Planting Strips; and 
• Landscaped Medians. 
Planting Strips and Landscaped Medians were applied as “Lawn” across all calculators. This decision was 
founded on the specifications included in the ADP, and further, the lack of better fit into an alternative 
LID category. Permeable pavement consisted mostly of permeable pavers, and thus, was entered as so. 
Individual calculators require different area metrics for the permeable paver input. Army LID Planning 
Tool and NZPSC required total square footage area coverage of the pavement. Green Values® National 
Stormwater Management Calculator and EPA SWC both required that permeable pavement be input as 
percentage of impervious surface. The fraction of percentage discrepancies for permeable pavement 
inputs between Green Values® and EPA SWC inputs are due to the different calculation methods 
required for each calculator’s input metrics. 
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TABLE 4. FORT LEONARD WOOD LAND COVER INPUTS. 
  INPUTS ARMY LID PLANNING TOOL (Acres) EPA SWC (Percent of Site) GREEN VALUES®  NZPSC 
Q
U
A
D
R
A
N
T 
1
 
PREDEVELOPMENT 
Lawn 232.6 61.3% 61.3% 61.3% 
Impervious 146.7 38.7% 38.7%  6,391,962 sf  
POST-DEVELOPMENT WITHOUT LID 
Lawn 192.9 50.9% 50.9% 50.8% 
Impervious 186.4 49.1% 8,119,327 sf 8,119,327 sf 
LID included as Lawn or Trees*     
Permeable Pavement 192.9    
POST-DEVELOPMENT WITH LID 
Lawn 210.4 55.5% 55.5% 55.5% 
Impervious 168.9 44.5%  7,358,714 sf   7,358,714 sf  
LID included as Lawn or Trees* 17.5 4.6% 4.6% 4.6% 
Permeable Pavement 889,280 sf 12.3% 12.1%  889,280 sf  
Q
U
A
D
R
A
N
T 
2
 
PREDEVELOPMENT 
Lawn 163.7 47.8% 47.8% 47.8% 
Impervious 178.8 52.2% 52.2%  7,786,777 sf  
POST-DEVELOPMENT WITHOUT LID 
Lawn 139.6 40.7% 40.7% 40.7% 
Impervious 203.0 59.3%  8,840,527 sf   8,840,527 sf  
LID included as Lawn or Trees*     
Permeable Pavement     
POST-DEVELOPMENT WITH LID 
Lawn 154.2 45.0% 45.0% 45.0% 
Impervious 188.4 55.0%  8,204,662 sf   8,204,662 sf  
LID included as Lawn or Trees* 14.6 4.3% 4.3% 4.3% 
Permeable Pavement 1,633,228 sf 20.5% 19.9%  1,633,228 sf  
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TABLE 4 CONTINUED. 
Q
U
A
D
R
A
N
T 
3
 
PREDEVELOPMENT   
Lawn 194.0 39.1% 39.1% 39.1% 
Impervious 302.5 60.9% 60.9%  13,176,549 sf  
POST-DEVELOPMENT WITHOUT LID 
Lawn 156.5 31.5% 31.5% 31.5% 
Impervious 340.0 68.5%  14,810,066 sf   14,810,066 sf  
LID included as Lawn or Trees*     
Permeable Pavement     
POST-DEVELOPMENT WITH LID 
Lawn 180.2 36.3% 36.3% 36.3% 
Impervious 316.3 63.7%  13,778,788 sf   13,778,788 sf  
LID included as Lawn or Trees* 23.7 4.8% 4.8% 4.8% 
Permeable Pavement 1,037,752 sf 7.8% 7.5%  1,037,752 sf  
Q
U
A
D
R
A
N
T 
4
 
PREDEVELOPMENT 
Lawn 255.6 85.0% 85.0% 85.0% 
Impervious 45.0 15.0% 15.0%  1,960,880 sf  
POST-DEVELOPMENT WITHOUT LID 
Lawn 236.8 78.8% 78.8% 78.8% 
Impervious 63.8 21.2%  2,777,741 sf   2,777,741 sf  
LID included as Lawn or Trees*     
Permeable Pavement     
POST-DEVELOPMENT WITH LID 
Lawn 237.0 78.8% 78.8% 78.8% 
Impervious 63.6 21.2%  2,769,441 sf   2,769,441 sf  
LID included as Lawn or Trees* 0.2 0.1% 0.1% 0.1% 
Permeable Pavement 526,900 sf 20.8% 19.03%  526,900 sf  
 
  INPUTS ARMY LID PLANNING TOOL (Acres) EPA SWC (Percent of Site) GREEN VALUES®  NZPSC 
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4.5.6 OUTPUT 
 Stormwater runoff estimate output values, in centimeters, from each calculator for all three 
development scenarios are located in Table 5. The left three columns of Table 5 represent runoff volume 
from Fort Hood’s 95th percentile 24-hour storm event and the two right columns (EPA SWC and NZPSC-
Annual) represent the site’s average annual stormwater runoff volumes. Development scenarios are 
denoted within the table as P0 for predevelopment, P for post-development, and PL for post-
development with LID.  
The “Compliance” portion of the table provides the net stormwater runoff produced from 
predevelopment to post-development and predevelopment to post-development with LID. A positive 
number indicates that there was a net increase in runoff from scenario A to B and a negative number 
indicates there was a net decrease. Under EISA Section 438, compliance is met if the site generates net 
zero stormwater runoff from pre- to post-development. Thus any net runoff volume equal or less than 
zero indicates the site would be compliant under that development scenario. Below the table are 
averages of the 95th percentile 24-hour storm runoff volume estimates for predevelopment, post-
development, and post-development with LID.  
 
TABLE 5. FORT HOOD 95TH PERCENTILE 24-HOUR RUNOFF ESTIMATION OUTPUTS 
Runoff (cm)  Scenario Army LID Planning Tool Green Values® NZPSC-95th EPA SWC NZPSC-Annual 
Q
u
a
d
ra
n
t 
1
 
PD 2.84 2.51 2.2 29.62 31.92 
P 3.2 2.82 2.73 36.96 40.53 
PL 3.02 2.21 2.11 29.72 30.57 
Compliance     
PD - P 0.36 0.31 0.53 7.34 8.61 
PL - P 0.18 (0.30) (0.09) 0.10 (1.35) 
 
 Runoff Volume Estimates 
Scenario Avg. 24-Hour Avg. Annual 
PD           2.52          30.77  
P           2.92          38.75  
PL           2.45          30.15  
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TABLE 5 CONTINUED. 
Runoff (cm)  Scenario Army LID Planning Tool Green Values® NZPSC-95th EPA SWC NZPSC-Annual 
Q
u
a
d
ra
n
t 
2
 
PD 3.2 2.77 2.89 39.14 43.04 
P 3.39 3.15 3.24 44.15 48.87 
PL 3.39 2.03 2.21 27.33 32.36 
Compliance     
PD - P 0.19 0.38 0.35 5.01 5.83 
PL - P 0.19 (0.74) (0.68) (11.81) (10.68) 
 
 Runoff Volume Estimates 
Scenario Avg. 24-Hour Avg. Annual 
PD           2.95          41.09  
P           3.26          46.51  
PL           2.54          29.85  
 
Runoff (cm)  Scenario Army LID Planning Tool Green Values® NZPSC-95th EPA SWC NZPSC-Annual 
Q
u
a
d
ra
n
t 
3
 
PD 3.6 3.2 3.32 45.26 50.23 
P 3.82 3.45 3.7 50.6 56.45 
PL 3.6 2.79 3.07 43.61 46.24 
Compliance     
PD - P 0.22 0.25 0.38 5.34 6.22 
PL - P 0 (0.41) (0.25) (1.65) (3.99) 
 
 Runoff Volume Estimates 
Scenario Avg. 24-Hour Avg. Annual 
PD           3.37          47.75  
P           3.66          53.53  
PL           3.15          44.93  
 
Runoff (cm)  Scenario Army LID Planning Tool Green Values® NZPSC-95th EPA SWC NZPSC-Annual 
Q
u
a
d
ra
n
t 
4
 
PD 2.37 1.93 1 12.78 12.37 
P 2.52 2.06 1.32 17.2 17.51 
PL 2.52 1.78 1.07 13.97 13.57 
Compliance     
PD - P 0.15 0.13 0.32 4.42 5.14 
PL - P 0.15 (0.15) 0.07 1.19 1.20 
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TABLE 5 CONTINUED. 
 Runoff Volume Estimates 
Scenario Avg. 24-Hour Avg. Annual 
PD           1.77          12.58  
P           1.97          17.36  
PL           1.79          13.77  
 
 Each calculator was run for each quadrant three times to simulate three scenarios: pre-
development, post development, and post development with proposed landscaped medians, planting 
strips, and permeable pavement. Average estimated stormwater runoff volumes produced by the 95th 
percentile 24-hour event for Quadrant 1 were 2.52, 2.92, and 2.45 centimeters for predevelopment, 
post-development, and post-development with LID respectively, based on outputs from the Army LID 
Planning Tool, Green Values® National Stormwater Management Calculator, and NZPSC. The estimated 
average annual runoff volumes were 30.77, 38.75, and 30.15 centimeters for predevelopment, post-
development, and post-development with LID respectively, based on EPA SWC and NZPSC outputs. All 
calculators unanimously calculated that stormwater runoff volume would increase from 
predevelopment to post-development. EPA SWC and Army LID Planning Tool calculated that the 
planned LID would be insufficient to reach net zero stormwater, and ultimately, would not meet 
compliance with EISA Section 438 Guidance standards. Conversely, the NZPSC and Green Values® 
National Stormwater Calculator concluded that the planned LID would mitigate any additional 
stormwater runoff produced by the development. 
 Average estimated stormwater runoff volumes produced by the 95th percentile 24-hour event 
for Quadrant 2 were 2.95, 3.26, and 2.54 centimeters for predevelopment, post-development, and post-
development with LID respectively, based on outputs from the Army LID Planning Tool, Green Values® 
National Stormwater Management Calculator, and NZPSC. The estimated average annual runoff 
volumes were 41.09, 46.51, and 29.85 centimeters for predevelopment, post-development, and post-
development with LID respectively, based on EPA SWC and NZPSC outputs. All calculators unanimously 
calculated that stormwater runoff volume would increase from predevelopment to post-development. 
All calculators, except the Army LID Planning Tool, estimated that the planned LID would sufficiently 
mitigate any additional stormwater runoff produce. The Army LID Planning Tool found that 0.19 cm of 
runoff would exceed predevelopment runoff volume. 
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 Predicted stormwater runoff volumes produced by the 95th percentile 24-hour event for 
Quadrant 3 were 3.37, 3.66, and 3.15 centimeters for predevelopment, post-development, and post-
development with LID respectively, based on outputs from the Army LID Planning Tool, Green Values® 
National Stormwater Management Calculator, and NZPSC. The estimated average annual runoff 
volumes were 47.75, 53.53, and 44.93 centimeters for predevelopment, post-development, and post-
development with LID respectively, based on EPA SWC and NZPSC outputs. All calculators unanimously 
calculated that stormwater runoff volume would increase from predevelopment to post-development. 
All calculators also concluded that the planned LID would retain 100% or more of the additional 
stormwater runoff produced from development on site. 
 Stormwater runoff volumes estimated for the 95th percentile 24-hour pertaining to Quadrant 4 
were 1.77, 1.97, and 1.79 centimeters for predevelopment, post-development, and post-development 
with LID respectively, based on outputs from the Army LID Planning Tool, Green Values® National 
Stormwater Management Calculator, and NZPSC. The estimated average annual runoff volumes were 
12.58, 17.36, and 13.77centimeters for predevelopment, post-development, and post-development 
with LID respectively, based on EPA SWC and NZPSC outputs. All calculators unanimously calculated that 
stormwater runoff volume would increase from predevelopment to post-development. This was the 
only scenario where almost all of the calculators predicted that even under scenario Post-Development 
with LID, the site would experience a net increase in stormwater runoff. The only calculator to dispute 
this conclusion was Green Values® National Stormwater Calculator, which calculated a net deficit of 0.15 
cm in runoff from the 95th percentile 24-hour storm event when LID was applied. 
4.5.7 DISCUSSION 
 Stormwater runoff estimates produced by the sample of calculators were much more diverse 
than estimates from Fort Leonard Wood’s analysis. As expected, the calculators all revealed that the 
increase in development from predevelopment to post-development ultimately caused a predicted 
increase in net stormwater volume. Only one of the four quadrants however, produced stormwater 
runoff estimates where all five calculator outputs unanimously concurred that the planned LID was 
adequate in mitigating the net increase in runoff. 
 Quadrant 1 produced nearly split results for whether the site met compliance with EISA Section 
438 standards. Green Values and NZPSC, annual and design storm, predicted that the planned LID would 
fully mitigate any excess stormwater produced from the new development. Alternatively, the Army LID 
Planning Tool and EPA SWC determined that the planned LID would not fully mitigate the excess runoff. 
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Generally Army LID Planning Tool produced relatively high values, Green Values® National Stormwater 
Calculator relatively moderate, and NZPSC relatively low. This was different from the conclusion made 
during Fort Leonard Wood’s results. Additionally, EPA SWC also compared differently to NZPSC than 
previously. EPA SWC produced consistently lower runoff estimates than NZPSC. For this case study, 
alternative precipitation and evaporation data were used for EPA SWC than the other calculators tested. 
This may be a large factor and trend in EPA SWC’s performance throughout the Fort Hood case study. 
 Quadrant 2 and 3 results mimicked more closely the trends observed from Fort Leonard Wood. 
For both quadrants, Army LID Planning Tool again produced the highest runoff volume estimates of the 
three 95th percentile 24-hour design storm calculating tools. In Quadrant 3, the Army LID Planning Tool 
estimated that the planned LID would mitigate exactly the excess runoff produced from 
predevelopment to post-development. All other calculators predicted that the LID would 
overcompensate for the additional stormwater produced, leading to a net deficit of stormwater runoff 
volume on site. For Quadrant 3, the Army LID Planning tool concluded that the planned LID would not 
be sufficient, under retaining almost 0.2 cm of runoff. All other tested calculators again concurred that 
the LID would be more than sufficient to meet the net runoff increase demand for the site. 
 Quadrant 4 results looked very similar to Quadrant 1 outputs. Army LID Planning Tool remained 
the high estimate, while Green Values® produced moderate estimate volumes and NZPSC produced the 
lowest estimates. For this site, all calculators concluded that the planned LID would not facilitate an EISA 
Section 438 compliant site. Green Values® National Stormwater Management Calculator was the only 
tool to contradict this conclusion, with an estimated net deficit of 0.15 cm stormwater runoff. Quadrant 
1 and 4 had the highest percentage of green area calculated as “Lawn”. While the effect of this on the 
calculators to cause this oddity is uncertain, it may be an underlying reason for the estimation trend. 
4.6 95TH PERCENTILE 24-HOUR RUNOFF ESTIMATE OUTPUT COMPARISON 
 To compare the 95th percentile 24-hour stormwater runoff volume outputs, a statistical analysis 
was completed using paired data. Each data block represented an experimental condition for every 
combination of development scenario, predevelopment, post-development, and post-development with 
LID, with site location, Fort Leonard Wood, Fort Hood Quadrant 1, Quadrant 2, Quadrant 3, and 
Quadrant 4. From the Wilcoxon Signed Rank test, it was concluded whether the calculators produced 
significantly different runoff estimations for the 95th percentile 24-hour storm event. 
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 Each data point nijk represents a runoff volume estimate (cm) that was produced by calculator i 
(Army, Green Values®, EPA, Net Zero Planner), at case study site j (Fort Hood, Quadrants 1 thru 4, and 
Fort Leonard Wood) under development conditions k (predevelopment, post-development, and post-
development with LID). Estimates produced by the Army LID Planning Tool and Green Values® National 
Stormwater Calculator are reflective of the typical 95th percentile 24-hour design storm for the site, 
while the EPA Stormwater Calculator reflects average annual runoff for the site. The Net Zero Planner 
Stormwater Calculator runoff outputs were compared to each alternative calculators’ outputs using the 
paired nonparametric test. 
H0: The median difference between pairs of observed runoff estimations is zero 
Ha: The medians of observed runoff estimation pairs significantly differ 
The level of significance applied was α = 0.05, and used for a one-tailed and two-tailed test. The sample 
size consisted of 15 pairs for all comparisons except Army LID Planning Tool that had one equal runoff 
estimation to NZPSC, and consequently, was discarded reducing the sample size to 14. Table 6 
summarizes the results from the 4 Wilcoxon Signed Rank test performed on the sample populations. 
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FIGURE 11. ESTIMATED ADDITIONAL RETENTION REQUIRED 
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TABLE 6. STORMWATER RUNOFF VOLUME (CM) ESTIMATES FOR MILITARY INSTALLATION REDEVELOPMENT PROJECTS WILCOXON SIGNED 
RANK TEST CALCULATOR COMPARISON 
 
 
Group Calculator Experiment - Control N Mean Rank Sum of Rank Critical Value* P Value   
(Two-Tailed) 
P Value   
(One-Tailed) 
9
5
th
 P
er
ce
n
ti
le
  
2
4
-H
r 
D
es
ig
n
 S
to
rm
 
Army LID Planning Tool Negative Ranks 0 - 0 22 0.001097 0.0005485 
Positive Ranks 14 7.50  105    
Green Values® National 
Stormwater Management 
Calculator 
Negative Ranks 9 6.83  61.5 31 0.978 0.489 
Positive Ranks 6 9.75  58.5      
A
ve
ra
g
e 
A
n
n
u
a
l EPA Stormwater 
Calculator 
Negative Ranks 10 9.40  94 31 0.05536 0.02768 
Positive Ranks 5 5.20  26    
* The smaller rank sum was applied as the test statistic       
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4.6.1 DISCUSSION 
Based on the results from Table 6, several conclusions can be made about the calculators’ 
output values.  Using a one tailed test with an alpha of 0.05, the null hypothesis is rejected for the Army 
LID Planning Tool and EPA SWC. It can then be concluded that the Army LID Planning Tool and EPA SWC 
observed runoff estimation populations contain significantly different population medians than NZPSC. 
The null hypothesis was not rejected for the Green Values ® National Stormwater Management and it 
was concluded that there is not sufficient evidence to determine that the Green Values ® calculator 
outputs and the NZPSC outputs contain significantly different population medians. 
The Army LID Planning Tool, representing the Simple TR-55 calculator class, produced an 
identical value for runoff estimation as the NZPSC regarding the post-development scenario for Fort 
Leonard Wood. Consistent with Wilcoxson Signed Rank test procedure, this pair of data was discarded 
and fourteen samples were applied to the statistical test. Every runoff volume estimate produced by the 
Army LID Planning Tool for the fourteen pairs was greater than NZPSC’s estimate. The Wilcoxson Signed 
Rank test provided a significant one-tailed p-value of less than 0.01, allowing rejection of the null 
hypothesis at an alpha lower than 0.05. 
Average annual runoff volume estimates were used to compare the EPA SWC and NZPSC due to 
metric output restriction of the EPA SWC. Therefore, the following statistical comparison is irrelevant 
but indicative to the performance of EPA SWC under the 95th percentile 24-hour design storm standard.  
The EPA SWC, representing the Continuous Model calculator class, produced ten output estimates 
exceeding the paired NZPSC estimate and five output estimates below the paired NZPSC estimate. Using 
a one-tailed test with a lower critical value of 31, a p-value of approximately 0.03 was obtained allowing 
rejection of the null hypothesis. 
Green Values® National Stormwater Management Calculator, representing the Moderate TR-55 
calculator class, produced 9 output estimates exceeding the paired NZPSC estimate and six output 
estimates below the paired NZPSC estimate. Four ties were obtained while ranking the absolute 
difference of the sample pairs, causing a fraction in the positive and negative rank sum values. Due to an 
unclear trend in over or under output estimation between the Green Values® and NZPSC technologies, a 
two-tailed test is applied. The test revealed a p-value of 0.978. This is the only test calculator which the 
null hypothesis was not rejected for. 
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4.6.2 CONCLUSION 
The results of this analysis provide minimal, yet helpful, insight regarding the performance of 
various stormwater runoff estimation calculation and modeling tools. Abundant scientific literature 
indicates that continuous modeling based runoff volume estimation methods are more accurate than 
SCS TR-55 based methods. This assumption was applied to the stormwater runoff estimation tool 
comparison and tested for significance. The Simple TR-55 method based calculator significantly 
overestimated the runoff volume for all paired case study samples applied. The Continuous Modeling 
method based tool generally underestimated the runoff volume compared to the NZPSC. The Moderate 
TR-55 method provided estimate outputs that were relatively analogous to the NNZPSC outputs. 
Furthermore, from this analysis, several conclusions were reached regarding the hierarchal relationship 
amongst preliminary planning stormwater runoff volume estimation tools. 
The EPA SWC output comparison to NZPSC revealed very interesting statistical results. Both 
models are an interface for the foundational continuous modeling technology, SWMM. Further, the 
NZPSC borrowed many coding features from the EPA SWC, with permission from the EPA, while 
developing the NZPSC model. Thus, it would be sensible to predict that both calculators would provide 
similar runoff volume estimations for the same site. However, the opposite was indicated by the test 
statistic obtained. It was determined that this discrepancy was due to the weather files applied to each 
of the models. As noted previously, the EPA SWC has many automatic database retrieval features, some 
that are not modifiable, this includes the precipitation and evaporation data available to the user. The 
Fort Hood precipitation and evaporation weather gages utilized for the NZPSC were not available for 
selection within the EPA SWC. The total average precipitation applied to the EPA SWC was derived from 
data records taken from 1983 to 2006 at gage TX411990. The NZPSC precipitation average data was 
derived from 1915 to 1983 at gage TX411984. The average annual precipitation volume obtained from 
TX411990 and TX411984 were 31.81 inches and 34.14 inches respectively. The data used by the EPA 
SCW reflected a smaller volume of annual precipitation overall. The difference in precipitation records is 
likely to account for the differences observed in runoff volume estimates between calculators. It highly 
likely that the EPA SWC and NZPSC would perform similarly given the same precipitation records. 
Green Values® National Stormwater Management Calculator allowed the user to input 
precipitation values manually. This allowed for the use of consistent precipitation data when running the 
models. Therefore, the comparison statistic provides an accurate comparison between technological 
function of the calculators. While Green Values® provided highly similar runoff estimates to the NZPSC, 
56 
 
there are many differences in the application of the technology. The NZPSC was created with the intent 
to provide federal facilities an accurate and acceptable method to quickly calculate basic stormwater 
runoff information for preliminary planning purposes, including EISA Section 438 compliance 
determination. The NZPSC is a suitable tool for federal facilities that are planning largescale 
development or redevelopment projects. The NZPSC is embedded in a larger sustainable planning 
program package, Net Zero Planner (NZP), which differentiates the tool from other standalone 
stormwater planning tools. While the NZPSC does not require tremendous technical skill to operate, the 
NZP as a whole requires a lot of time and information to get started. Typically, a user of NZP will first 
complete an energy analysis before completing the additional secondary analysis, such as waste and 
water. The NZPSC does however, provide an explicit EISA compliance determination and utilizes EPA 
approved data records for precipitation and evaporation that are automatic database retrievable. Green 
Values® does offer precipitation and evaporation automatic database retrieval, but these inputs may not 
be appropriate regarding an EISA compliance determination (e.g. the data applied do not meet the 20-
30 year record minimum). In such case, the user would be required to forgo the Green Values® 
automatic inputs and manually obtain and calculate the data inputs. This may cost time and resources. 
Additionally, the Green Values® calculator has goal orientation, but not specifically EISA Section 438 
compliance determination. Consequently, the user would need to take an additional step in applying the 
runoff outputs to determine EISA compliance and calculate additional volume retention required to 
meet compliance. The comparison between these two models, disregarding performance and evaluating 
functionality, is that the NZPSC is a better tool for federal facilities performing these types of 
stormwater reports fairly regularly. Whereas the Green Values® National Stormwater Management 
Calculator is better for a non-federal site planner that would like to perform this analysis only once or a 
handful of times. The tool is free and easily accessible web based tool that is relatively accurate in its 
estimations. 
It is also important to note the circumstances which these calculators were applied. The soil 
type for both of the case sites were indicated as HSG soil type D, indicating that they generally contained 
high clay content. A characteristic of clay soils is the high runoff potential due to lack of permeability. In 
using two case study sites that both contained type D soils, the runoff values were likely high relative to 
other soil types. These larger values likely exaggerated the differences between the calculator runoff 
estimation values. The Wilcoxon Signed Rank test does not take into consideration the magnitude of 
differences, but rather the differences’ tendency, positive or negative skew. Still, the calculators might 
have produced more frequent unanimous output estimates under more pervious soil conditions than 
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the single case observed within this analysis. It will be important moving forward to test the NZPSC on 
different soil types, geographic locations, and climates to evaluate true performance. 
From this analysis, several conclusions were reached about the advantages and disadvantages in 
applying different runoff estimation tools. First, it was projected that overly simplistic runoff estimation 
methods, classified as “Simple TR-55” calculators, are not adequate for preliminary stormwater 
retention planning, including design assessment for EISA Section 438 compliance. The Simple TR-55 
method, represented by the Army LID Planning Tool, consistently overestimated runoff volume 
produced by development scenarios. Overestimation can result in excessive stormwater management 
infrastructure investment and should be avoided. Second, the EPA SWC did not provide comparable 
means for the 95th percentile 24-hour design storm, but indicated that it potentially could perform well 
in EISA compliance planning if appropriate weather data is applied. Inconsistent weather files were likely 
the cause for statistical determination of different output estimation populations. Lastly, the Green 
Values® National Stormwater Management Calculator provided statistically comparable runoff 
estimation outputs but might be better suited for different user populations. Green Values® calculator is 
not conveniently conducive to EISA compliance evaluation, but is an adequate tool for nonfederal users 
uninterested in federal stormwater regulation. 
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 REGULATORY INFLUENCE ON THE FUTURE OF STORMWATER 
MANAGEMENT 
5.1 NONPOINT SOURCE DISCHARGES IN THE CLEAN WATER ACT 
The term "nonpoint source" is defined to encompass any source of water pollution that is not 
included in the definition of "point source" per section 502(14) of the Clean Water Act (CWA). The CWA 
defines point source as: 
“The term ‘point source’ means any discernible, confined and discrete conveyance, including but 
not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling 
stock, concentrated animal feeding operation, or vessel or other floating craft, from which 
pollutants are or may be discharged. This term does not include agricultural storm water 
discharges and return flows from irrigated agriculture.” 
Like point source pollution, nonpoint source pollution is resultant from anthropogenic activity. However, 
nonpoint sources are not generated at a single point, but at infinite points across the landscape. 
Stormwater often mobilizes nonpoint source pollutants into rivers, lakes, and streams, causing water 
degradation over time. These sources include fertilizers and pesticides applied to lawn and agricultural 
surfaces; salt distributed during deicing of roadways; gas and oils accumulated on urban surfaces from 
automobiles; atmospheric deposition; sediment eroded from disturbed land; and other nonregulated 
pollutants released directly or indirectly into WoUS. The complex nature of nonpoint sources challenges 
the capability of authorities to monitor, treat and prevent pollution from such sources.  
The CWA’s National Pollutant Discharge Elimination System (NPDES) permit process regulates 
some stormwater runoff discharges, including MS4, construction, and industrial activity that discharge 
to waters of the United States (WoUS). In partnership with states, the U.S. EPA establishes Water 
Quality Standards (WQS) for each body of water reflective of the source’s “designated use” (40 CRF Part 
131).  A water body’s designated use describes the purpose of that water source with the respective 
WQS varying based on its designated use. When a water body is not meeting its set WQS, it is placed on 
the CWA’s section 303(d) list of “impaired waters.”  For all impaired waters, the designated permitting 
authority (i.e., state or US EPA) must set a Total Maximum Daily Load (TMDL) of pollutants for the 
waterbody to bring it into compliance with the designated WQS. TMDLs are budgeting tools that 
establish the total maximum quantity of pollutants, by pollutant type, a water body can receive without 
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exceeding its WQS. Total load allocations are separated by, point source discharges, known as wasteload 
allocations (WLA), and nonpoint discharges, referred to as load allocations (LA). Both wasteload and 
load allocations are accounted for within TMDL limits, with dischargers budgeted maximum quantities 
of pollutants by the state or EPA that they may discharge based on approved targets and strategies 
established by the TMDL.  Accordingly, the TMDL process has a significant impact on incentives to 
improve stormwater management.   As illustrated in the example below of the Chesapeake Bay TMDL, 
this process is complicated when large watersheds cross political boundaries. 
5.2 CHESAPEAKE BAY TMDL 
Sometimes authorized NPDES permitting states do not have the resources or cooperation to 
properly execute a TMDL or are unable to resolve the water quality issues resulting from WQS 
exceedance. In such cases, the U.S. EPA will intervene to implement programs that help the state attain 
the WQS targets previously established. The Chesapeake Bay TMDL is the largest TMDL ever created by 
the U.S. EPA resulting from of 25 years of failed cleanup efforts (U.S. EPA, 2010a). The degraded state of 
the estuary caused devastation to local economies, including important fisheries and recreation. The 
U.S. EPA intervened by developing a comprehensive TMDL incorporating all Chesapeake Bay 
jurisdictions, including Delaware, Maryland, New York, Pennsylvania, Virginia, West Virginia and the 
District of Columbia.  
5.2.1 THE TMDL 
The Chesapeake Bay TMDL (CB TMDL) is an umbrella TMDL for 276 individual TMDLs; and a 
separate nitrogen, phosphorus, and sediment TMDL for all 92 tidal segments (Linker, Shenk, Dennis, & 
Sweeney, 1999). The CB TMDL sets Bay watershed limits of 185.9 million pounds of nitrogen, 12.5 
million pounds of phosphorus and 6.45 billion pounds of sediment per year. Overall, this results in a 25 
percent reduction in nitrogen, 24 percent reduction in phosphorus and 20 percent reduction in 
sediment (U.S. EPA, 2010a). This reduction is set to be achieved by 2025. Scientists have attributed the 
degradation to agricultural operations, urban stormwater runoff, wastewater facilities, air pollution and 
other sources, including septic systems. Bay states must address these sources to meet the established 
TMDL reduction goals. 
Due to the extensive nature of calculating such a large TMDL, multiple continuous computer 
models were used to simulate pollutant loads under various scenarios (Chesapeake Bay Program, 2012). 
These models informed decision makers about how the estuary might react under certain pollutant-
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reduction actions. Ultimately, the models optimized reduction goals to meet the standards set forth by 
the U.S. EPA. Four models were used in combination to evaluate proposed scenarios or pollutant load 
reductions. The models include Estuary Model, Scenario Builder, Airshed Model, and Land Change 
Model (Chesapeake Bay Program, 2012). Scientists are consistently improving these models to provide 
more accurate and better attuned simulations. 
In the CB TMDL, the U.S. EPA created a multi-phased implementation approach using 
Watershed Implementation Plans (WIPs). The three phases reflect benchmarks each watershed should 
meet under a certain timeline. Phase I and Phase II WIPs were developed by each state and submitted to 
the U.S. EPA before 2012. Phase I and II WIPs contain pollution control implementation strategies 
intended for 2017 and 2025 completion. States will submit final Phase III WIPs in 2017. The final Phase 
will allow states to assess the success and failures of their individualized WIP programs and determine 
actions necessary to achieve the final 2025 numeric targets (U.S. EPA, 2015b). Each state demonstrates 
accountability by reaching two-year benchmark goals indicated within their WIPs. If the state fails to 
meet these milestones, the U.S. EPA has authority to impose its own reduction strategy, and further, 
assume authority over all NPDES (point source) discharge permits. U.S. EPA’s power to forcefully place 
restrictions on dischargers, and even revoke NPDES permits until the states have met their targets, is 
called “backstop authority” as granted by the CWA (U.S. EPA, 2015d).  
5.2.2 LITIGATION 
Chesapeake Bay TMDL jurisdictions initially addressed the declining condition of the estuary in 
1983, when the governors of Maryland, Virginia, and Pennsylvania, as well as the Mayor of the District 
of Columbia, the chairman of the Chesapeake Bay Commission, and the EPA Administrator signed the 
first Chesapeake Bay Agreement stating their commitment to restoring the Bay (AFBF, et. al. v. U.S. EPA, 
et. al.; 2013). Despite gradual progress towards set pollutant reduction goals, in 1998 the Bay was 
placed on the CWA 303(d) lists for Virginia, Maryland, and the District of Columbia (Chesapeake Bay 
Program. (n.d.)., ). When the Chesapeake Bay became listed, surrounding entities entered into several 
consent decrees and agreements, the most notable being the Virginia TMDL Consent Decree settlement, 
where the U.S. EPA upheld the parties to a TMDL deadline of May 1, 2010 (Chesapeake Bay Program. 
(n.d.)., ; U.S. EPA, 2015c). By failing to meet compliance by the agreed deadline, the states forfeited 
deference in developing and implementing their own strategies, and became subject to the U.S. EPA’s 
federal actions on May 1, 2011. 
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 The American Farm Bureau Federation (AFBF) has been a large opponent to the Chesapeake Bay 
TMDL, joined by a variety of other agricultural trade associations. In 2011, the AFBF and others 
challenged the U.S. EPA’s establishment of the Chesapeake Bay TMDL in the U.S. District Court for the 
Middle District of Pennsylvania (AFBF, et. al. v. U.S. EPA, et. al.; 2013). The AFBF raised three arguments 
for reversing the CB TMDL: the U.S. EPA had misused their CWA authority in implementing a TMDL that 
included many specific load allocation standards rather than a single load allocation target; the agency 
had acted arbitrary and capriciously in the use of unsound models and scientific methods to determine 
load limitations; and the EPA had not provided adequate notice and public comment periods regarding 
the CB TMDL per the Administrative Procedure Act (AFBF, et. al. v. U.S. EPA, et. al.; 2013). Both parties 
filed for summary judgment, which the court ultimately granted to defendant U.S. EPA. Judge Sylvia 
Rambo dismissed AFBF’s allegations, determining the agency acted justly and within the scope of their 
authority in establishment of the Chesapeake Bay TMDL. The AFBF subsequently appealed the court’s 
decision to the Third Circuit Court of Appeals where the three-judge panel reached a unanimous 
decision on July 6, 2015 affirming the lower court’s summary judgment (U.S. EPA, 2015a). 
 The decisions resulting from the Chesapeake Bay litigation provide significant implications to 
TMDL design moving forward. Although the CWA lacks a permitting process analogous to point source 
NPDES permits for nonpoint sources, TMDLs have the capacity to reach beyond point source regulation 
and address all discharges as a whole. The Third Circuit affirmed and solidified the US EPA’s 
interpretation of the CWA that despite the word “total”, TMDLs can include and distinguish between 
wasteload allocations and load allocations in developing pollution limits (Gable, 2015). Moreover, the 
court determined that the federal government, when developing a TMDL, has the authority to apportion 
wasteload allocations at the individual source level and load allocations at the sector level source for a 
particular state—a function previously thought to be the responsibility of, and reserved to, individual 
states.  
The district court and appellate court both found that the data and models the U.S. EPA utilized 
for calculating pollutant reduction goals to be sound science (AFBF, et. al. v. U.S. EPA, et. al.; 2013). 
These same models will be used continuously within the TMDL jurisdiction to monitor, assess, and 
adjust load allocations in the future (Chesapeake Bay Program, 2012; Linker et al., 2013; Shenk & Linker, 
2013). While constructing the TMDL, the U.S. EPA used a buffer of “reasonable assurance” to critique 
the load and waste load allocations as feasible and realistic (Gable, 2015). The AFBF disputed the use of 
reasonable assurance in their calculation models, alleging that this concept was not sound science. 
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However, the Third Circuit fully endorsed the U.S. EPA’s analysis of reasonable assurance and further, 
implied that if reasonable assurance was not considered within allocation calculations, the U.S. EPA 
would have acted arbitrary and capriciously (Gable, 2015).  
5.2.3 CURRENT STATUS AND IMPLICATIONS 
After the Third Circuit Court of Appeals affirmed the lower court, the AFBF petitioned for a writ of 
certiorari to the U.S. Supreme Court (Chesapeake Bay Foundation., 2016). Numerous amicus briefs were 
filed by third parties, including 22 states, many of which lie outside of the Chesapeake Bay Program 
jurisdiction (Brief of the States of Kansas, Indiana, Missouri et. al. as Amici Curiae Supporting Petitioners, 
2016) . The Supreme Court ultimately denied AFBF’s petition on February 29, 2016, effectively approving 
the Third Circuit’s decision and upholding the CB TMDL (AFBF, et. al. v. U.S. EPA, et. al.; 2013). 
Subsequently, the surrounding bay jurisdictions have enforced the CB TMDL and implemented pollutant 
reduction strategies.  
The court decisions regarding the Chesapeake Bay TMDL set an important precedent for future 
water quality restoration and interpretation of EPA authority under the CWA. States and industries 
speculate that the federal government will use the Chesapeake Bay case to implement similar water 
quality improvement agendas across additional watersheds. Midwest farmers and municipalities are 
particularly interested in future implications of the recent litigation on the Mississippi River Basin (Pates, 
2013).  The Mississippi River suffers many challenges analogous to the Chesapeake Bay estuary, and will 
likely necessitate similar multi-state water restoration efforts in the future (Dzombak et al., 2007; 
Niebling, Baker, Kasuri, Katz, & Smet, 2014). The river basin drains over 40 percent of the United States 
to the busy Port of New Orleans in Louisiana, intercepting 31 states and two Canadian provinces 
(Niebling et al., 2014). The Army Corps of Engineers, with various other governmental entities, have 
engineered systems such as levees, dams, and other flood control measures since the early 1900’s to 
maintain a consistent and reliable system of navigable waters. Unfortunately, over the years, the river 
has suffered from the environmental consequences of large civil projects, population growth, agriculture 
development, and urban runoff. Agricultural land—currently covering approximately three-fifths of the 
lower Mississippi River Basin—has had a large influence in river’s dynamic past and current 
environmental challenges (Goolsby, 2000). Today, the Gulf of Mexico suffers large hypoxia ridden dead 
zones resulting from extreme land modification and subsequent pollutant loads.  
Multiple tributaries along the river have been included on the CWA 303(d) list for various 
impairments related to the local geographical region land use types (Dzombak et al., 2007). 
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Consequently, some federal, local, and state agencies have initiated water restoration efforts to restore 
the degraded waters and the Army Corps of Engineers currently is engaged in a restoration program 
called The Upper Mississippi River Restoration Program (UMRR) that was authorized by the Water 
Resources Development Act (WRDA) of 1986 (U.S. Army Corps of Engineers, 2016). UMRR establishes 
restoration projects and long term monitoring along the Upper Mississippi River. Over $33 million 
dollars have been dedicated to this program to support restoration of the Upper Mississippi River. In 
1988, the U.S. EPA began the Gulf of Mexico Program (GMP) in an attempt to unify restoration efforts 
across jurisdictions (U.S. EPA, 2016). The GMP supports restoration efforts within the Mississippi River 
Basin and facilitates cooperation amongst jurisdictions through a variety of contractual and informal 
agreement mechanisms. 
 Additionally, multiple states and urban areas have been voluntarily implementing stormwater 
regulations similar to EISA Section 438. As a significant cause of nonpoint source pollution, these areas 
recognize the importance of stormwater runoff management in their holistic approach to water quality 
control. For example, Nashville, Tennessee has implemented stormwater policy that requires all new 
development to retain the first inch of stormwater on site for every measureable storm event within a 
72-hour period (Metropolitan Government of Nashville & Davidson County Metro Water Services 
Department, 2016). The Nashville Metropolitan Stormwater Government Agency also created its own 
stormwater management calculator to help site operators meet compliance with the regulation. North 
Carolina also has implemented stormwater runoff regulations that mandate developers retain the first 
inch of stormwater on site for inland development projects and the first 1.5” of stormwater for coastal 
development projects (North Carolina Department of Environment and Natural Resources, 2015). There 
are many more examples of progressive stormwater runoff control approaches that are becoming 
increasingly popular and will likely continue to gain traction in the wake of large-scale water quality 
restoration efforts. 
In the event that the Mississippi River Basin water restoration efforts fail to proceed at an 
acceptable pace, the basin may experience similar federal TMDL actions as the Chesapeake Bay 
example. Many farmers and municipalities across the Midwest are bracing for an increased federal role 
following the AFBF v. U.S. EPA decision (Pates, 2013). However, hope is not lost. The Chesapeake Bay 
might serve as a warning and reminder that state controlled water bodies are not immune to stringent 
federal regulation that will preserve our nation’s waters regardless of cost. With voluntary programs and 
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increasingly innovative and widespread local regulations, perhaps the remaining mega watersheds will 
not require the same federal guidance and attention that the Chesapeake Bay received. 
5.3 THE FUTURE OF STORMWATER 
Early adoption of water quality management practices can lead to a variety of outcomes. Some 
Chesapeake Bay Program jurisdictions expressed extreme adversity regarding the TMDL timeframes 
placed on them by the U.S. EPA (Commonwealth of Virginia, 2012). One solution might have been self-
initiated, early adoption of more stringent and unified water quality improvement strategies. Had states 
voluntarily implemented pollution management strategies before reaching extreme impairment, the 
states might more comfortably and efficiently have met water quality objectives. Conversely, during 
development of the Chesapeake Bay TMDL, the U.S. EPA did not specifically consider the water quality 
restoration progress made by individual municipalities and states up to that point (U.S. EPA, 2010b). 
Rather, allocation was weighted largely on location and size of the discharger. Therefore, if a 
municipality implemented voluntary standards before the EPA developed the TMDL, those efforts would 
be discounted, and moreover, the municipality may be held responsible for even further reductions. 
However, if the state or multiple states as a whole implement voluntary regulations early on, the 
dischargers then could mitigate 303(d) listing entirely (Rinkus, Dobson, Gore, & Dreelin, 2016). The 
situation of water restoration efforts then mimic the Prisoner’s Dilemma: do two jurisdictions cooperate 
in working towards the common good at a lower total cost or justify acting in the individuals’ best 
interests hoping the other bears the brunt of the cost of subsequent federal regulation? 
One popular solution to addressing environmental pollution issues on multiple scales has been 
the concept of offsets. An offset is when the cost of environmental cleanup is placed on new polluters 
who overcompensate for their pollutant load and cumulatively overtime, the new pollutant sources 
create a net deficit in pollution. Several scientists have suggested that the Chesapeake Bay and like 
waterbodies implement an offset program to restore failing water sources (Nelson, 2014). By allowing 
one polluter to purchase or otherwise generate an “offsetting” pollution, grandfathered dischargers are 
not required to adopt new practices, and policy makers avoid heavy pushback from existing dischargers. 
Another restoration tool that has been suggested is permit trading. The U.S. EPA has suggested 
implementation of trading programs within the Chesapeake Bay (Wyeth & Termini, 2015) and Michigan 
has already voluntarily implemented their own permit trading program for stormwater (Rinkus et al., 
2016). Trading is a powerful tool that has led to successful programs in the past, but thus far fails to 
address the nonpoint sources that are so critical to waterbody restoration. 
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 The Federal Government’s large-scale development of federal land is a significant source of 
hydrologic degradation that contributes to the larger national stormwater management crisis. Realizing 
the potential for Federal Government’s responsibility to “lead by example”, President Obama signed 
Executive Order (EO) 13514 “Federal Leadership in Environmental, Energy, and Economic Performance” 
in 2009 following the passing of the Energy Independence and Security Act in 2007 (EISA). Federal 
facilities are providing examples for local and state governments to follow, such as in the military’s 
enactment of EISA Section 438, in attempt to move our nation towards sustainable discharging 
practices. Restrictions of regulatory power, resources, and jurisdictional cooperation have historically 
impeded federal progress towards sustainable legislation. Accountability is necessary for the future of 
our nation’s waters. Various tools are available, such as stormwater runoff volume modeling programs 
like the NZPSC, at minimal cost and specialization required for public and private land developers. It is 
time to responsibly act towards the greater good of national water quality and voluntarily implement 
established, and judicially accepted, best practices. 
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APPENDIX A: CALCULATOR INPUTS & OUTPUTS 
A.1 FORT LEONARD WOOD, MO WEATHER INPUT DATA  
A.1.1 95TH PERCENTILE 24-HOUR PRECIPITATION (MO238777) 
 
;Date--- Hour- Value [in] 
1/1/2001 0:00        0   
1/1/2001 0:06 0.001818   
1/1/2001 0:12 0.001818   
1/1/2001 0:18 0.001854   
1/1/2001 0:24 0.001854   
1/1/2001 0:30  0.00189   
1/1/2001 0:36  0.00189   
1/1/2001 0:42 0.001926   
1/1/2001 0:48 0.001926   
1/1/2001 0:54 0.001962   
1/1/2001 1:00 0.001962   
1/1/2001 1:06 0.001998   
1/1/2001 1:12 0.001998   
1/1/2001 1:18 0.002034   
1/1/2001 1:24 0.002034   
1/1/2001 1:30  0.00207   
1/1/2001 1:36  0.00207   
1/1/2001 1:42 0.002106   
1/1/2001 1:48 0.002106   
1/1/2001 1:54 0.002142   
1/1/2001 2:00 0.002142   
1/1/2001 2:06 0.002178   
1/1/2001 2:12 0.002178   
1/1/2001 2:18 0.002214   
1/1/2001 2:24 0.002214   
1/1/2001 2:30  0.00225   
1/1/2001 2:36  0.00225   
1/1/2001 2:42 0.002286   
1/1/2001 2:48 0.002286   
1/1/2001 2:54 0.002322   
1/1/2001 3:00 0.002322   
1/1/2001 3:06 0.002358   
1/1/2001 3:12 0.002358   
1/1/2001 3:18 0.002394   
1/1/2001 3:24 0.002394   
1/1/2001 3:30  0.00243   
1/1/2001 3:36  0.00243   
1/1/2001 3:42 0.002466   
1/1/2001 3:48 0.002466   
1/1/2001 3:54 0.002502   
1/1/2001 4:00 0.002502   
1/1/2001 4:06 0.002538   
1/1/2001 4:12 0.002574   
1/1/2001 4:18  0.00261   
1/1/2001 4:24 0.002646   
1/1/2001 4:30 0.002682   
1/1/2001 4:36 0.002718   
1/1/2001 4:42 0.002754   
1/1/2001 4:48  0.00279   
1/1/2001 4:54 0.002826   
1/1/2001 5:00 0.002862   
1/1/2001 5:06 0.002898   
1/1/2001 5:12 0.002934   
1/1/2001 5:18  0.00297   
1/1/2001 5:24 0.003006   
1/1/2001 5:30 0.003042   
1/1/2001 5:36 0.003078   
1/1/2001 5:42 0.003114   
1/1/2001 5:48  0.00315   
1/1/2001 5:54 0.003186   
1/1/2001 6:00 0.003222   
1/1/2001 6:06 0.003258   
1/1/2001 6:12 0.003294   
1/1/2001 6:18  0.00333   
1/1/2001 6:24 0.003366   
1/1/2001 6:30 0.003402   
1/1/2001 6:36 0.003438   
1/1/2001 6:42 0.003474   
1/1/2001 6:48  0.00351   
1/1/2001 6:54 0.003546   
1/1/2001 7:00 0.003582   
1/1/2001 7:06 0.003618   
1/1/2001 7:12 0.003654   
1/1/2001 7:18  0.00369   
1/1/2001 7:24 0.003726   
1/1/2001 7:30 0.003762   
1/1/2001 7:36 0.003798   
1/1/2001 7:42 0.003834   
1/1/2001 7:48  0.00387   
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1/1/2001 7:54 0.003906   
1/1/2001 8:00 0.003942   
1/1/2001 8:06  0.00405   
1/1/2001 8:12  0.00423   
1/1/2001 8:18  0.00441   
1/1/2001 8:24  0.00459   
1/1/2001 8:30  0.00477   
1/1/2001 8:36  0.00495   
1/1/2001 8:42  0.00513   
1/1/2001 8:48  0.00531   
1/1/2001 8:54  0.00549   
1/1/2001 9:00  0.00567   
1/1/2001 9:06  0.00576   
1/1/2001 9:12  0.00576   
1/1/2001 9:18  0.00576   
1/1/2001 9:24  0.00576   
1/1/2001 9:30  0.00576   
1/1/2001 9:36 0.005904   
1/1/2001 9:42 0.006192   
1/1/2001 9:48  0.00648   
1/1/2001 9:54 0.006768   
1/1/2001 10:00 0.007056   
1/1/2001 10:06 0.007416   
1/1/2001 10:12 0.007848   
1/1/2001 10:18  0.00828   
1/1/2001 10:24 0.008712   
1/1/2001 10:30 0.009144   
1/1/2001 10:36  0.00972   
1/1/2001 10:42  0.01044   
1/1/2001 10:48  0.01116   
1/1/2001 10:54  0.01188   
1/1/2001 11:00   0.0126   
1/1/2001 11:06 0.013824   
1/1/2001 11:12 0.015552   
1/1/2001 11:18  0.01728   
1/1/2001 11:24 0.019008   
1/1/2001 11:30 0.020736   
1/1/2001 11:36 0.042912   
1/1/2001 11:42 0.085536   
1/1/2001 11:48 0.137574   
1/1/2001 11:54 0.246726   
1/1/2001 12:00 0.171252   
1/1/2001 12:06 0.034128   
1/1/2001 12:12 0.030024   
1/1/2001 12:18  0.02592   
1/1/2001 12:24 0.021816   
1/1/2001 12:30 0.017712   
1/1/2001 12:36 0.015192   
1/1/2001 12:42 0.014256   
1/1/2001 12:48  0.01332   
1/1/2001 12:54 0.012384   
1/1/2001 13:00 0.011448   
1/1/2001 13:06 0.010728   
1/1/2001 13:12 0.010224   
1/1/2001 13:18  0.00972   
1/1/2001 13:24 0.009216   
1/1/2001 13:30 0.008712   
1/1/2001 13:36  0.00828   
1/1/2001 13:42  0.00792   
1/1/2001 13:48  0.00756   
1/1/2001 13:54   0.0072   
1/1/2001 14:00  0.00684   
1/1/2001 14:06 0.006606   
1/1/2001 14:12 0.006462   
1/1/2001 14:18 0.006354   
1/1/2001 14:24  0.00621   
1/1/2001 14:30 0.006102   
1/1/2001 14:36 0.005958   
1/1/2001 14:42  0.00585   
1/1/2001 14:48 0.005706   
1/1/2001 14:54 0.005598   
1/1/2001 15:00 0.005454   
1/1/2001 15:06 0.005346   
1/1/2001 15:12 0.005202   
1/1/2001 15:18 0.005094   
1/1/2001 15:24  0.00495   
1/1/2001 15:30 0.004842   
1/1/2001 15:36 0.004698   
1/1/2001 15:42  0.00459   
1/1/2001 15:48 0.004446   
1/1/2001 15:54 0.004338   
1/1/2001 16:00 0.004194   
1/1/2001 16:06 0.004122   
1/1/2001 16:12 0.004068   
1/1/2001 16:18 0.004032   
1/1/2001 16:24 0.003978   
1/1/2001 16:30 0.003942   
1/1/2001 16:36 0.003888   
1/1/2001 16:42 0.003852   
1/1/2001 16:48 0.003798   
1/1/2001 16:54 0.003762   
1/1/2001 17:00 0.003708   
1/1/2001 17:06 0.003672   
1/1/2001 17:12 0.003618   
1/1/2001 17:18 0.003582   
1/1/2001 17:24 0.003528   
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1/1/2001 17:30 0.003492   
1/1/2001 17:36 0.003438   
1/1/2001 17:42 0.003402   
1/1/2001 17:48 0.003348   
1/1/2001 17:54 0.003312   
1/1/2001 18:00 0.003258   
1/1/2001 18:06 0.003222   
1/1/2001 18:12 0.003168   
1/1/2001 18:18 0.003132   
1/1/2001 18:24 0.003078   
1/1/2001 18:30 0.003042   
1/1/2001 18:36 0.002988   
1/1/2001 18:42 0.002952   
1/1/2001 18:48 0.002898   
1/1/2001 18:54 0.002862   
1/1/2001 19:00 0.002808   
1/1/2001 19:06 0.002772   
1/1/2001 19:12 0.002718   
1/1/2001 19:18 0.002682   
1/1/2001 19:24 0.002628   
1/1/2001 19:30 0.002592   
1/1/2001 19:36 0.002538   
1/1/2001 19:42 0.002502   
1/1/2001 19:48 0.002448   
1/1/2001 19:54 0.002412   
1/1/2001 20:00 0.002358   
1/1/2001 20:06  0.00234   
1/1/2001 20:12 0.002322   
1/1/2001 20:18 0.002322   
1/1/2001 20:24 0.002304   
1/1/2001 20:30 0.002304   
1/1/2001 20:36 0.002286   
1/1/2001 20:42 0.002286   
1/1/2001 20:48 0.002268   
1/1/2001 20:54 0.002268   
1/1/2001 21:00  0.00225   
1/1/2001 21:06  0.00225   
1/1/2001 21:12 0.002232   
1/1/2001 21:18 0.002232   
1/1/2001 21:24 0.002214   
1/1/2001 21:30 0.002214   
1/1/2001 21:36 0.002196   
1/1/2001 21:42 0.002196   
1/1/2001 21:48 0.002178   
1/1/2001 21:54 0.002178   
1/1/2001 22:00  0.00216   
1/1/2001 22:06  0.00216   
1/1/2001 22:12 0.002142   
1/1/2001 22:18 0.002142   
1/1/2001 22:24 0.002124   
1/1/2001 22:30 0.002124   
1/1/2001 22:36 0.002106   
1/1/2001 22:42 0.002106   
1/1/2001 22:48 0.002088   
1/1/2001 22:54 0.002088   
1/1/2001 23:00  0.00207   
1/1/2001 23:06  0.00207   
1/1/2001 23:12 0.002052   
1/1/2001 23:18 0.002052   
1/1/2001 23:24 0.002034   
1/1/2001 23:30 0.002034   
1/1/2001 23:36 0.002016   
1/1/2001 23:42 0.002016   
1/1/2001 23:48 0.001998   
1/1/2001 23:54 0.001998   
1/2/2001 0:00  0.00198   
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A.1.2 AVERAGE ANNUAL PRECIPITATION WITH WEAGETS (MO238777) 
 
 
;Date--- Hour- Value [in] 
1/1/2001 12:00          0 
1/2/2001 12:00          0 
1/3/2001 12:00          0 
1/4/2001 12:00          0 
1/5/2001 12:00          0 
1/6/2001 12:00          0 
1/7/2001 12:00          0 
1/8/2001 12:00          0 
1/9/2001 12:00          0 
1/10/2001 12:00   0.211655 
1/11/2001 12:00          0 
1/12/2001 12:00          0 
1/13/2001 12:00  0.0334926 
1/14/2001 12:00   0.253379 
1/15/2001 12:00   0.161653 
1/16/2001 12:00   0.512503 
1/17/2001 12:00          0 
1/18/2001 12:00   0.357144 
1/19/2001 12:00          0 
1/20/2001 12:00          0 
1/21/2001 12:00          0 
1/22/2001 12:00   0.386142 
1/23/2001 12:00          0 
1/24/2001 12:00          0 
1/25/2001 12:00          0 
1/26/2001 12:00          0 
1/27/2001 12:00          0 
1/28/2001 12:00          0 
1/29/2001 12:00   0.318073 
1/30/2001 12:00  0.0916917 
1/31/2001 12:00  0.0902303 
2/1/2001 12:00  0.0948886 
2/2/2001 12:00          0 
2/3/2001 12:00  0.0113721 
2/4/2001 12:00   0.651434 
2/5/2001 12:00          0 
2/6/2001 12:00          0 
2/7/2001 12:00          0 
2/8/2001 12:00          0 
2/9/2001 12:00          0 
2/10/2001 12:00          0 
2/11/2001 12:00          0 
2/12/2001 12:00          0 
2/13/2001 12:00          0 
2/14/2001 12:00          0 
2/15/2001 12:00          0 
2/16/2001 12:00          0 
2/17/2001 12:00          0 
2/18/2001 12:00          0 
2/19/2001 12:00          0 
2/20/2001 12:00          0 
2/21/2001 12:00   0.721346 
2/22/2001 12:00          0 
2/23/2001 12:00          0 
2/24/2001 12:00          0 
2/25/2001 12:00          0 
2/26/2001 12:00          0 
2/27/2001 12:00          0 
2/28/2001 12:00          0 
3/1/2001 12:00          0 
3/2/2001 12:00          0 
3/3/2001 12:00          0 
3/4/2001 12:00          0 
3/5/2001 12:00          0 
3/6/2001 12:00          0 
3/7/2001 12:00   0.191252 
3/8/2001 12:00          0 
3/9/2001 12:00          0 
3/10/2001 12:00          0 
3/11/2001 12:00          0 
3/12/2001 12:00   0.101317 
3/13/2001 12:00          0 
3/14/2001 12:00          0 
3/15/2001 12:00          0 
3/16/2001 12:00    0.35762 
3/17/2001 12:00   0.989687 
3/18/2001 12:00          0 
3/19/2001 12:00   0.184237 
3/20/2001 12:00          0 
3/21/2001 12:00          0 
3/22/2001 12:00   0.694744 
3/23/2001 12:00    0.75915 
3/24/2001 12:00          0 
3/25/2001 12:00          0 
3/26/2001 12:00   0.165763 
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3/27/2001 12:00          0 
3/28/2001 12:00          0 
3/29/2001 12:00          0 
3/30/2001 12:00          0 
3/31/2001 12:00          0 
4/1/2001 12:00          0 
4/2/2001 12:00          0 
4/3/2001 12:00          0 
4/4/2001 12:00          0 
4/5/2001 12:00   0.237718 
4/6/2001 12:00          0 
4/7/2001 12:00          0 
4/8/2001 12:00      1.046 
4/9/2001 12:00          0 
4/10/2001 12:00          0 
4/11/2001 12:00          0 
4/12/2001 12:00          0 
4/13/2001 12:00          0 
4/14/2001 12:00          0 
4/15/2001 12:00          0 
4/16/2001 12:00          0 
4/17/2001 12:00          0 
4/18/2001 12:00          0 
4/19/2001 12:00          0 
4/20/2001 12:00          0 
4/21/2001 12:00          0 
4/22/2001 12:00  0.0518753 
4/23/2001 12:00   0.137032 
4/24/2001 12:00          0 
4/25/2001 12:00          0 
4/26/2001 12:00          0 
4/27/2001 12:00          0 
4/28/2001 12:00          0 
4/29/2001 12:00          0 
4/30/2001 12:00   0.388346 
5/1/2001 12:00          0 
5/2/2001 12:00     1.1478 
5/3/2001 12:00          0 
5/4/2001 12:00          0 
5/5/2001 12:00  0.0558912 
5/6/2001 12:00          0 
5/7/2001 12:00   0.260334 
5/8/2001 12:00    0.25877 
5/9/2001 12:00   0.240912 
5/10/2001 12:00          0 
5/11/2001 12:00          0 
5/12/2001 12:00          0 
5/13/2001 12:00    1.31541 
5/14/2001 12:00          0 
5/15/2001 12:00          0 
5/16/2001 12:00   0.517178 
5/17/2001 12:00  0.0334981 
5/18/2001 12:00          0 
5/19/2001 12:00          0 
5/20/2001 12:00          0 
5/21/2001 12:00          0 
5/22/2001 12:00          0 
5/23/2001 12:00          0 
5/24/2001 12:00  0.0362452 
5/25/2001 12:00   0.484894 
5/26/2001 12:00          0 
5/27/2001 12:00          0 
5/28/2001 12:00   0.539733 
5/29/2001 12:00   0.689966 
5/30/2001 12:00          0 
5/31/2001 12:00          0 
6/1/2001 12:00   0.571585 
6/2/2001 12:00          0 
6/3/2001 12:00          0 
6/4/2001 12:00          0 
6/5/2001 12:00  0.0554175 
6/6/2001 12:00          0 
6/7/2001 12:00   0.893274 
6/8/2001 12:00 0.00456086 
6/9/2001 12:00   0.176944 
6/10/2001 12:00    1.25496 
6/11/2001 12:00   0.671943 
6/12/2001 12:00  0.0616247 
6/13/2001 12:00  0.0656833 
6/14/2001 12:00          0 
6/15/2001 12:00          0 
6/16/2001 12:00          0 
6/17/2001 12:00          0 
6/18/2001 12:00  0.0349378 
6/19/2001 12:00          0 
6/20/2001 12:00          0 
6/21/2001 12:00          0 
6/22/2001 12:00          0 
6/23/2001 12:00          0 
6/24/2001 12:00          0 
6/25/2001 12:00          0 
6/26/2001 12:00          0 
6/27/2001 12:00          0 
6/28/2001 12:00    0.11053 
6/29/2001 12:00   0.140689 
6/30/2001 12:00   0.875955 
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7/1/2001 12:00          0 
7/2/2001 12:00          0 
7/3/2001 12:00  0.0308734 
7/4/2001 12:00   0.213684 
7/5/2001 12:00          0 
7/6/2001 12:00          0 
7/7/2001 12:00   0.744649 
7/8/2001 12:00          0 
7/9/2001 12:00          0 
7/10/2001 12:00          0 
7/11/2001 12:00          0 
7/12/2001 12:00   0.192759 
7/13/2001 12:00 0.00413235 
7/14/2001 12:00          0 
7/15/2001 12:00          0 
7/16/2001 12:00   0.815512 
7/17/2001 12:00          0 
7/18/2001 12:00   0.298444 
7/19/2001 12:00   0.814607 
7/20/2001 12:00          0 
7/21/2001 12:00          0 
7/22/2001 12:00          0 
7/23/2001 12:00  0.0276437 
7/24/2001 12:00          0 
7/25/2001 12:00          0 
7/26/2001 12:00  0.0572438 
7/27/2001 12:00   0.807252 
7/28/2001 12:00          0 
7/29/2001 12:00   0.667653 
7/30/2001 12:00   0.132898 
7/31/2001 12:00   0.513131 
8/1/2001 12:00          0 
8/2/2001 12:00          0 
8/3/2001 12:00          0 
8/4/2001 12:00    1.12907 
8/5/2001 12:00  0.0245539 
8/6/2001 12:00    0.35673 
8/7/2001 12:00          0 
8/8/2001 12:00          0 
8/9/2001 12:00          0 
8/10/2001 12:00          0 
8/11/2001 12:00          0 
8/12/2001 12:00          0 
8/13/2001 12:00          0 
8/14/2001 12:00          0 
8/15/2001 12:00          0 
8/16/2001 12:00          0 
8/17/2001 12:00          0 
8/18/2001 12:00          0 
8/19/2001 12:00          0 
8/20/2001 12:00          0 
8/21/2001 12:00          0 
8/22/2001 12:00          0 
8/23/2001 12:00          0 
8/24/2001 12:00          0 
8/25/2001 12:00    0.40773 
8/26/2001 12:00          0 
8/27/2001 12:00    0.17873 
8/28/2001 12:00   0.426485 
8/29/2001 12:00   0.106891 
8/30/2001 12:00          0 
8/31/2001 12:00          0 
9/1/2001 12:00          0 
9/2/2001 12:00          0 
9/3/2001 12:00          0 
9/4/2001 12:00    0.12713 
9/5/2001 12:00          0 
9/6/2001 12:00          0 
9/7/2001 12:00          0 
9/8/2001 12:00          0 
9/9/2001 12:00          0 
9/10/2001 12:00          0 
9/11/2001 12:00          0 
9/12/2001 12:00    2.35775 
9/13/2001 12:00          0 
9/14/2001 12:00          0 
9/15/2001 12:00          0 
9/16/2001 12:00          0 
9/17/2001 12:00   0.093845 
9/18/2001 12:00          0 
9/19/2001 12:00          0 
9/20/2001 12:00          0 
9/21/2001 12:00          0 
9/22/2001 12:00          0 
9/23/2001 12:00   0.382578 
9/24/2001 12:00  0.0667313 
9/25/2001 12:00          0 
9/26/2001 12:00          0 
9/27/2001 12:00          0 
9/28/2001 12:00          0 
9/29/2001 12:00          0 
9/30/2001 12:00          0 
10/1/2001 12:00   0.515689 
10/2/2001 12:00  0.0540866 
10/3/2001 12:00          0 
10/4/2001 12:00          0 
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10/5/2001 12:00          0 
10/6/2001 12:00          0 
10/7/2001 12:00          0 
10/8/2001 12:00          0 
10/9/2001 12:00          0 
10/10/2001 12:00          0 
10/11/2001 12:00          0 
10/12/2001 12:00          0 
10/13/2001 12:00          0 
10/14/2001 12:00          0 
10/15/2001 12:00          0 
10/16/2001 12:00          0 
10/17/2001 12:00   0.319735 
10/18/2001 12:00          0 
10/19/2001 12:00   0.578108 
10/20/2001 12:00          0 
10/21/2001 12:00          0 
10/22/2001 12:00   0.597231 
10/23/2001 12:00    0.51844 
10/24/2001 12:00   0.503658 
10/25/2001 12:00          0 
10/26/2001 12:00          0 
10/27/2001 12:00          0 
10/28/2001 12:00          0 
10/29/2001 12:00    2.58788 
10/30/2001 12:00          0 
10/31/2001 12:00          0 
11/1/2001 12:00          0 
11/2/2001 12:00          0 
11/3/2001 12:00          0 
11/4/2001 12:00   0.880107 
11/5/2001 12:00          0 
11/6/2001 12:00          0 
11/7/2001 12:00          0 
11/8/2001 12:00  0.0419255 
11/9/2001 12:00   0.830883 
11/10/2001 12:00          0 
11/11/2001 12:00          0 
11/12/2001 12:00          0 
11/13/2001 12:00          0 
11/14/2001 12:00          0 
11/15/2001 12:00          0 
11/16/2001 12:00          0 
11/17/2001 12:00          0 
11/18/2001 12:00          0 
11/19/2001 12:00          0 
11/20/2001 12:00          0 
11/21/2001 12:00          0 
11/22/2001 12:00          0 
11/23/2001 12:00          0 
11/24/2001 12:00          0 
11/25/2001 12:00          0 
11/26/2001 12:00          0 
11/27/2001 12:00          0 
11/28/2001 12:00          0 
11/29/2001 12:00          0 
11/30/2001 12:00          0 
12/1/2001 12:00  0.0830576 
12/2/2001 12:00          0 
12/3/2001 12:00          0 
12/4/2001 12:00          0 
12/5/2001 12:00          0 
12/6/2001 12:00          0 
12/7/2001 12:00          0 
12/8/2001 12:00          0 
12/9/2001 12:00          0 
12/10/2001 12:00          0 
12/11/2001 12:00          0 
12/12/2001 12:00          0 
12/13/2001 12:00          0 
12/14/2001 12:00          0 
12/15/2001 12:00          0 
12/16/2001 12:00          0 
12/17/2001 12:00          0 
12/18/2001 12:00          0 
12/19/2001 12:00          0 
12/20/2001 12:00          0 
12/21/2001 12:00          0 
12/22/2001 12:00  0.0686729 
12/23/2001 12:00   0.628196 
12/24/2001 12:00          0 
12/25/2001 12:00          0 
12/26/2001 12:00          0 
12/27/2001 12:00          0 
12/28/2001 12:00          0 
12/29/2001 12:00   0.978784 
12/30/2001 12:00   0.895148 
12/31/2001 12:00          0
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A.1.3 MONTHLY EVAPORATION (6928000) 
 
;Date   Hour  EvapRate[in] 
1/1/2001 0:00 1.182739862  
2/1/2001 0:00 1.599093701  
3/1/2001 0:00 2.993989961  
4/1/2001 0:00 4.593061909  
5/1/2001 0:00 5.986763681  
6/1/2001 0:00 6.71623002  
7/1/2001 0:00 7.333621161  
8/1/2001 0:00 6.685553248  
9/1/2001 0:00 4.876831693  
10/1/2001 0:00 3.315167815  
11/1/2001 0:00 1.802503642  
12/1/2001 0:00 1.17927313 
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A.1.4 CALCULATOR OUTPUTS 
A.1.4.1 ARMY LID PLANNING TOOL 
FIGURE 12. ARMY LID PRE-POST 
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FIGURE 13. ARMY LID PRE-POST LID 
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A.1.4.2 EPA SWC 
 
FIGURE 14. EPA SWC PRE 
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FIGURE 15. EPA SWC PRE-POST 
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FIGURE 16. EPA SWC PRE-POST LID 
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A.1.4.3 GREEN VALUES® 
FIGURE 17. GREEN VALUES(R) PRE-POST 
 
 
FIGURE 18. GREEN VALUES(R) PRE-POST LID 
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A.1.4.4 NZPSC 
 
FIGURE 19. NZPSC PRE 24-HR 
 
 
 
FIGURE 20. NZPSC PRE ANNUAL 
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FIGURE 21. NZPSC POST 24-HR 
 
 
 
FIGURE 22. NZPSC POST ANNUAL 
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FIGURE 23. NZPSC POST LID 24-HR 
 
 
FIGURE 24. NZPSC POST LID ANNUAL 
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A.2 FORT HOOD, TX WEATHER INPUT DATA  
A.2.1 95TH PERCENTILE 24-HOUR PRECIPITATION (TX411984) 
 
;Date--- Hour- Value [in] 
1/1/2001 0:00         0  
1/1/2001 0:06   0.00211  
1/1/2001 0:12   0.00211  
1/1/2001 0:18   0.00211  
1/1/2001 0:24   0.00211  
1/1/2001 0:30   0.00211  
1/1/2001 0:36   0.00211  
1/1/2001 0:42   0.00211  
1/1/2001 0:48   0.00211  
1/1/2001 0:54   0.00211  
1/1/2001 1:00   0.00211  
1/1/2001 1:06   0.00211  
1/1/2001 1:12   0.00211  
1/1/2001 1:18   0.00211  
1/1/2001 1:24   0.00211  
1/1/2001 1:30   0.00211  
1/1/2001 1:36   0.00211  
1/1/2001 1:42   0.00211  
1/1/2001 1:48   0.00211  
1/1/2001 1:54   0.00211  
1/1/2001 2:00   0.00211  
1/1/2001 2:06 0.0021311  
1/1/2001 2:12 0.0021522  
1/1/2001 2:18 0.0021944  
1/1/2001 2:24 0.0022155  
1/1/2001 2:30 0.0022577  
1/1/2001 2:36 0.0022788  
1/1/2001 2:42  0.002321  
1/1/2001 2:48 0.0023421  
1/1/2001 2:54 0.0023843  
1/1/2001 3:00 0.0024054  
1/1/2001 3:06 0.0024476  
1/1/2001 3:12 0.0024687  
1/1/2001 3:18 0.0025109  
1/1/2001 3:24  0.002532  
1/1/2001 3:30 0.0025742  
1/1/2001 3:36 0.0025953  
1/1/2001 3:42 0.0026375  
1/1/2001 3:48 0.0026586  
1/1/2001 3:54 0.0027008  
1/1/2001 4:00 0.0027219  
1/1/2001 4:06 0.0027641  
1/1/2001 4:12 0.0027852  
1/1/2001 4:18 0.0028274  
1/1/2001 4:24 0.0028485  
1/1/2001 4:30 0.0028907  
1/1/2001 4:36 0.0029118  
1/1/2001 4:42  0.002954  
1/1/2001 4:48 0.0029751  
1/1/2001 4:54 0.0030173  
1/1/2001 5:00 0.0030384  
1/1/2001 5:06 0.0030806  
1/1/2001 5:12 0.0031017  
1/1/2001 5:18 0.0031439  
1/1/2001 5:24  0.003165  
1/1/2001 5:30 0.0032072  
1/1/2001 5:36 0.0032283  
1/1/2001 5:42 0.0032705  
1/1/2001 5:48 0.0032916  
1/1/2001 5:54 0.0033338  
1/1/2001 6:00 0.0033549  
1/1/2001 6:06 0.0034393  
1/1/2001 6:12 0.0035237  
1/1/2001 6:18 0.0036503  
1/1/2001 6:24 0.0037347  
1/1/2001 6:30 0.0038613  
1/1/2001 6:36 0.0039457  
1/1/2001 6:42 0.0040723  
1/1/2001 6:48 0.0041567  
1/1/2001 6:54 0.0042833  
1/1/2001 7:00 0.0043677  
1/1/2001 7:06 0.0044943  
1/1/2001 7:12 0.0045787  
1/1/2001 7:18 0.0047053  
1/1/2001 7:24 0.0047897  
1/1/2001 7:30 0.0049163  
1/1/2001 7:36 0.0050007  
1/1/2001 7:42 0.0051273  
1/1/2001 7:48 0.0052117  
1/1/2001 7:54 0.0053383  
1/1/2001 8:00 0.0054227  
1/1/2001 8:06 0.0056126  
1/1/2001 8:12 0.0058447  
1/1/2001 8:18 0.0060979  
1/1/2001 8:24   0.00633  
1/1/2001 8:30 0.0065832  
1/1/2001 8:36 0.0068153  
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1/1/2001 8:42 0.0070685  
1/1/2001 8:48 0.0073006  
1/1/2001 8:54 0.0075538  
1/1/2001 9:00 0.0077859  
1/1/2001 9:06 0.0080391  
1/1/2001 9:12 0.0082712  
1/1/2001 9:18 0.0085244  
1/1/2001 9:24 0.0087565  
1/1/2001 9:30 0.0090097  
1/1/2001 9:36 0.0092418  
1/1/2001 9:42  0.009495  
1/1/2001 9:48 0.0097271  
1/1/2001 9:54 0.0099803  
1/1/2001 10:00 0.0102124  
1/1/2001 10:06 0.0105922  
1/1/2001 10:12 0.0110986  
1/1/2001 10:18  0.011605  
1/1/2001 10:24 0.0121114  
1/1/2001 10:30 0.0126178  
1/1/2001 10:36 0.0131242  
1/1/2001 10:42 0.0136306  
1/1/2001 10:48  0.014137  
1/1/2001 10:54 0.0146434  
1/1/2001 11:00 0.0151498  
1/1/2001 11:06 0.0163736  
1/1/2001 11:12 0.0183148  
1/1/2001 11:18  0.020256  
1/1/2001 11:24 0.0221972  
1/1/2001 11:30 0.0241384  
1/1/2001 11:36  0.034393  
1/1/2001 11:42  0.052961  
1/1/2001 11:48  0.071529  
1/1/2001 11:54  0.090097  
1/1/2001 12:00   0.17724  
1/1/2001 12:06   0.17724  
1/1/2001 12:12  0.090097  
1/1/2001 12:18  0.071529  
1/1/2001 12:24  0.052961  
1/1/2001 12:30  0.034393  
1/1/2001 12:36 0.0241384  
1/1/2001 12:42 0.0221972  
1/1/2001 12:48  0.020256  
1/1/2001 12:54 0.0183148  
1/1/2001 13:00 0.0163736  
1/1/2001 13:06 0.0151498  
1/1/2001 13:12 0.0146434  
1/1/2001 13:18  0.014137  
1/1/2001 13:24 0.0136306  
1/1/2001 13:30 0.0131242  
1/1/2001 13:36 0.0126178  
1/1/2001 13:42 0.0121114  
1/1/2001 13:48  0.011605  
1/1/2001 13:54 0.0110986  
1/1/2001 14:00 0.0105922  
1/1/2001 14:06 0.0102124  
1/1/2001 14:12 0.0099803  
1/1/2001 14:18 0.0097271  
1/1/2001 14:24  0.009495  
1/1/2001 14:30 0.0092418  
1/1/2001 14:36 0.0090097  
1/1/2001 14:42 0.0087565  
1/1/2001 14:48 0.0085244  
1/1/2001 14:54 0.0082712  
1/1/2001 15:00 0.0080391  
1/1/2001 15:06 0.0077859  
1/1/2001 15:12 0.0075538  
1/1/2001 15:18 0.0073006  
1/1/2001 15:24 0.0070685  
1/1/2001 15:30 0.0068153  
1/1/2001 15:36 0.0065832  
1/1/2001 15:42   0.00633  
1/1/2001 15:48 0.0060979  
1/1/2001 15:54 0.0058447  
1/1/2001 16:00 0.0056126  
1/1/2001 16:06 0.0054438  
1/1/2001 16:12 0.0053172  
1/1/2001 16:18 0.0052328  
1/1/2001 16:24 0.0051062  
1/1/2001 16:30 0.0050218  
1/1/2001 16:36 0.0048952  
1/1/2001 16:42 0.0048108  
1/1/2001 16:48 0.0046842  
1/1/2001 16:54 0.0045998  
1/1/2001 17:00 0.0044732  
1/1/2001 17:06 0.0043888  
1/1/2001 17:12 0.0042622  
1/1/2001 17:18 0.0041778  
1/1/2001 17:24 0.0040512  
1/1/2001 17:30 0.0039668  
1/1/2001 17:36 0.0038402  
1/1/2001 17:42 0.0037558  
1/1/2001 17:48 0.0036292  
1/1/2001 17:54 0.0035448  
1/1/2001 18:00 0.0034182  
1/1/2001 18:06 0.0033549  
1/1/2001 18:12 0.0033338  
90 
 
1/1/2001 18:18 0.0032916  
1/1/2001 18:24 0.0032705  
1/1/2001 18:30 0.0032283  
1/1/2001 18:36 0.0032072  
1/1/2001 18:42  0.003165  
1/1/2001 18:48 0.0031439  
1/1/2001 18:54 0.0031017  
1/1/2001 19:00 0.0030806  
1/1/2001 19:06 0.0030384  
1/1/2001 19:12 0.0030173  
1/1/2001 19:18 0.0029751  
1/1/2001 19:24  0.002954  
1/1/2001 19:30 0.0029118  
1/1/2001 19:36 0.0028907  
1/1/2001 19:42 0.0028485  
1/1/2001 19:48 0.0028274  
1/1/2001 19:54 0.0027852  
1/1/2001 20:00 0.0027641  
1/1/2001 20:06 0.0027219  
1/1/2001 20:12 0.0027219  
1/1/2001 20:18 0.0026797  
1/1/2001 20:24 0.0026586  
1/1/2001 20:30 0.0026375  
1/1/2001 20:36 0.0026164  
1/1/2001 20:42 0.0025742  
1/1/2001 20:48 0.0025742  
1/1/2001 20:54  0.002532  
1/1/2001 21:00  0.002532  
1/1/2001 21:06 0.0024898  
1/1/2001 21:12 0.0024687  
1/1/2001 21:18 0.0024476  
1/1/2001 21:24 0.0024265  
1/1/2001 21:30 0.0023843  
1/1/2001 21:36 0.0023843  
1/1/2001 21:42 0.0023421  
1/1/2001 21:48 0.0023421  
1/1/2001 21:54 0.0022999  
1/1/2001 22:00 0.0022788  
1/1/2001 22:06 0.0022577  
1/1/2001 22:12 0.0022366  
1/1/2001 22:18 0.0021944  
1/1/2001 22:24 0.0021944  
1/1/2001 22:30 0.0021522  
1/1/2001 22:36 0.0021522  
1/1/2001 22:42   0.00211  
1/1/2001 22:48 0.0020889  
1/1/2001 22:54 0.0020678  
1/1/2001 23:00 0.0020467  
1/1/2001 23:06 0.0020045  
1/1/2001 23:12 0.0020045  
1/1/2001 23:18 0.0019623  
1/1/2001 23:24 0.0019623  
1/1/2001 23:30 0.0019201  
1/1/2001 23:36  0.001899  
1/1/2001 23:42 0.0018779  
1/1/2001 23:48 0.0018568  
1/1/2001 23:54 0.0018146  
1/2/2001 0:00 0.0018146
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A.2.2 ANNUAL AVERAGE PRECIPITATION (TX411984) 
 
;Date--- Hour- Value [in] 
1/1/2001 12:00         0  
1/2/2001 12:00         0  
1/3/2001 12:00         0  
1/4/2001 12:00         0  
1/5/2001 12:00         0  
1/6/2001 12:00         0  
1/7/2001 12:00         0  
1/8/2001 12:00         0  
1/9/2001 12:00         0  
1/10/2001 12:00         0  
1/11/2001 12:00         0  
1/12/2001 12:00         0  
1/13/2001 12:00         0  
1/14/2001 12:00         0  
1/15/2001 12:00         0  
1/16/2001 12:00         0  
1/17/2001 12:00         0  
1/18/2001 12:00         0  
1/19/2001 12:00         0  
1/20/2001 12:00   1.05976  
1/21/2001 12:00  0.217546  
1/22/2001 12:00 0.0300458  
1/23/2001 12:00         0  
1/24/2001 12:00         0  
1/25/2001 12:00         0  
1/26/2001 12:00 0.0393874  
1/27/2001 12:00   2.72347  
1/28/2001 12:00         0  
1/29/2001 12:00         0  
1/30/2001 12:00         0  
1/31/2001 12:00         0  
2/1/2001 12:00         0  
2/2/2001 12:00         0  
2/3/2001 12:00         0  
2/4/2001 12:00         0  
2/5/2001 12:00         0  
2/6/2001 12:00         0  
2/7/2001 12:00 0.0576132  
2/8/2001 12:00         0  
2/9/2001 12:00  0.837939  
2/10/2001 12:00         0  
2/11/2001 12:00         0  
2/12/2001 12:00  0.241217  
2/13/2001 12:00         0  
2/14/2001 12:00         0  
2/15/2001 12:00         0  
2/16/2001 12:00         0  
2/17/2001 12:00         0  
2/18/2001 12:00         0  
2/19/2001 12:00         0  
2/20/2001 12:00         0  
2/21/2001 12:00         0  
2/22/2001 12:00         0  
2/23/2001 12:00         0  
2/24/2001 12:00         0  
2/25/2001 12:00         0  
2/26/2001 12:00  0.092543  
2/27/2001 12:00         0  
2/28/2001 12:00         0  
3/1/2001 12:00         0  
3/2/2001 12:00         0  
3/3/2001 12:00         0  
3/4/2001 12:00         0  
3/5/2001 12:00         0  
3/6/2001 12:00         0  
3/7/2001 12:00         0  
3/8/2001 12:00         0  
3/9/2001 12:00  0.576461  
3/10/2001 12:00   1.14018  
3/11/2001 12:00   0.37573  
3/12/2001 12:00         0  
3/13/2001 12:00         0  
3/14/2001 12:00         0  
3/15/2001 12:00         0  
3/16/2001 12:00         0  
3/17/2001 12:00         0  
3/18/2001 12:00         0  
3/19/2001 12:00         0  
3/20/2001 12:00         0  
3/21/2001 12:00         0  
3/22/2001 12:00         0  
3/23/2001 12:00  0.185751  
3/24/2001 12:00         0  
3/25/2001 12:00         0  
3/26/2001 12:00         0  
3/27/2001 12:00         0  
3/28/2001 12:00         0  
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3/29/2001 12:00         0  
3/30/2001 12:00         0  
3/31/2001 12:00         0  
4/1/2001 12:00         0  
4/2/2001 12:00         0  
4/3/2001 12:00         0  
4/4/2001 12:00         0  
4/5/2001 12:00         0  
4/6/2001 12:00         0  
4/7/2001 12:00         0  
4/8/2001 12:00         0  
4/9/2001 12:00         0  
4/10/2001 12:00         0  
4/11/2001 12:00         0  
4/12/2001 12:00  0.608745  
4/13/2001 12:00         0  
4/14/2001 12:00         0  
4/15/2001 12:00         0  
4/16/2001 12:00         0  
4/17/2001 12:00         0  
4/18/2001 12:00         0  
4/19/2001 12:00         0  
4/20/2001 12:00         0  
4/21/2001 12:00         0  
4/22/2001 12:00  0.458418  
4/23/2001 12:00         0  
4/24/2001 12:00         0  
4/25/2001 12:00         0  
4/26/2001 12:00         0  
4/27/2001 12:00         0  
4/28/2001 12:00         0  
4/29/2001 12:00  0.302521  
4/30/2001 12:00         0  
5/1/2001 12:00         0  
5/2/2001 12:00         0  
5/3/2001 12:00         0  
5/4/2001 12:00         0  
5/5/2001 12:00         0  
5/6/2001 12:00 0.0995932  
5/7/2001 12:00  0.342062  
5/8/2001 12:00  0.291588  
5/9/2001 12:00  0.248453  
5/10/2001 12:00         0  
5/11/2001 12:00  0.569234  
5/12/2001 12:00         0  
5/13/2001 12:00         0  
5/14/2001 12:00   1.36263  
5/15/2001 12:00         0  
5/16/2001 12:00         0  
5/17/2001 12:00         0  
5/18/2001 12:00         0  
5/19/2001 12:00         0  
5/20/2001 12:00         0  
5/21/2001 12:00   1.15999  
5/22/2001 12:00         0  
5/23/2001 12:00         0  
5/24/2001 12:00   0.22782  
5/25/2001 12:00   0.18906  
5/26/2001 12:00 0.0232437  
5/27/2001 12:00         0  
5/28/2001 12:00  0.398906  
5/29/2001 12:00   1.97731  
5/30/2001 12:00  0.988462  
5/31/2001 12:00         0  
6/1/2001 12:00         0  
6/2/2001 12:00         0  
6/3/2001 12:00         0  
6/4/2001 12:00         0  
6/5/2001 12:00         0  
6/6/2001 12:00         0  
6/7/2001 12:00  0.688897  
6/8/2001 12:00  0.368659  
6/9/2001 12:00         0  
6/10/2001 12:00         0  
6/11/2001 12:00         0  
6/12/2001 12:00   1.06668  
6/13/2001 12:00         0  
6/14/2001 12:00         0  
6/15/2001 12:00         0  
6/16/2001 12:00         0  
6/17/2001 12:00  0.168939  
6/18/2001 12:00  0.671292  
6/19/2001 12:00         0  
6/20/2001 12:00         0  
6/21/2001 12:00         0  
6/22/2001 12:00   1.00153  
6/23/2001 12:00         0  
6/24/2001 12:00         0  
6/25/2001 12:00         0  
6/26/2001 12:00  0.020678  
6/27/2001 12:00         0  
6/28/2001 12:00         0  
6/29/2001 12:00         0  
6/30/2001 12:00         0  
7/1/2001 12:00         0  
7/2/2001 12:00         0  
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7/3/2001 12:00         0  
7/4/2001 12:00         0  
7/5/2001 12:00  0.151059  
7/6/2001 12:00         0  
7/7/2001 12:00         0  
7/8/2001 12:00         0  
7/9/2001 12:00         0  
7/10/2001 12:00         0  
7/11/2001 12:00         0  
7/12/2001 12:00         0  
7/13/2001 12:00         0  
7/14/2001 12:00         0  
7/15/2001 12:00         0  
7/16/2001 12:00         0  
7/17/2001 12:00         0  
7/18/2001 12:00         0  
7/19/2001 12:00  0.414376  
7/20/2001 12:00         0  
7/21/2001 12:00         0  
7/22/2001 12:00         0  
7/23/2001 12:00         0  
7/24/2001 12:00         0  
7/25/2001 12:00         0  
7/26/2001 12:00         0  
7/27/2001 12:00  0.162162  
7/28/2001 12:00  0.352787  
7/29/2001 12:00  0.424369  
7/30/2001 12:00  0.467998  
7/31/2001 12:00         0  
8/1/2001 12:00         0  
8/2/2001 12:00         0  
8/3/2001 12:00         0  
8/4/2001 12:00         0  
8/5/2001 12:00         0  
8/6/2001 12:00         0  
8/7/2001 12:00         0  
8/8/2001 12:00         0  
8/9/2001 12:00         0  
8/10/2001 12:00         0  
8/11/2001 12:00         0  
8/12/2001 12:00         0  
8/13/2001 12:00         0  
8/14/2001 12:00  0.174068  
8/15/2001 12:00  0.913087  
8/16/2001 12:00         0  
8/17/2001 12:00         0  
8/18/2001 12:00         0  
8/19/2001 12:00   1.04642  
8/20/2001 12:00         0  
8/21/2001 12:00         0  
8/22/2001 12:00         0  
8/23/2001 12:00         0  
8/24/2001 12:00         0  
8/25/2001 12:00         0  
8/26/2001 12:00         0  
8/27/2001 12:00         0  
8/28/2001 12:00         0  
8/29/2001 12:00         0  
8/30/2001 12:00         0  
8/31/2001 12:00         0  
9/1/2001 12:00         0  
9/2/2001 12:00         0  
9/3/2001 12:00  0.943228  
9/4/2001 12:00         0  
9/5/2001 12:00         0  
9/6/2001 12:00         0  
9/7/2001 12:00         0  
9/8/2001 12:00         0  
9/9/2001 12:00         0  
9/10/2001 12:00         0  
9/11/2001 12:00         0  
9/12/2001 12:00         0  
9/13/2001 12:00   1.44816  
9/14/2001 12:00         0  
9/15/2001 12:00         0  
9/16/2001 12:00         0  
9/17/2001 12:00         0  
9/18/2001 12:00         0  
9/19/2001 12:00         0  
9/20/2001 12:00         0  
9/21/2001 12:00         0  
9/22/2001 12:00         0  
9/23/2001 12:00         0  
9/24/2001 12:00         0  
9/25/2001 12:00         0  
9/26/2001 12:00         0  
9/27/2001 12:00         0  
9/28/2001 12:00         0  
9/29/2001 12:00 0.0111731  
9/30/2001 12:00   1.40638  
10/1/2001 12:00   2.36728  
10/2/2001 12:00         0  
10/3/2001 12:00         0  
10/4/2001 12:00         0  
10/5/2001 12:00         0  
10/6/2001 12:00         0  
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10/7/2001 12:00         0  
10/8/2001 12:00         0  
10/9/2001 12:00         0  
10/10/2001 12:00         0  
10/11/2001 12:00         0  
10/12/2001 12:00         0  
10/13/2001 12:00         0  
10/14/2001 12:00         0  
10/15/2001 12:00         0  
10/16/2001 12:00         0  
10/17/2001 12:00         0  
10/18/2001 12:00         0  
10/19/2001 12:00         0  
10/20/2001 12:00         0  
10/21/2001 12:00         0  
10/22/2001 12:00         0  
10/23/2001 12:00         0  
10/24/2001 12:00         0  
10/25/2001 12:00         0  
10/26/2001 12:00         0  
10/27/2001 12:00         0  
10/28/2001 12:00         0  
10/29/2001 12:00   1.95135  
10/30/2001 12:00         0  
10/31/2001 12:00         0  
11/1/2001 12:00         0  
11/2/2001 12:00         0  
11/3/2001 12:00         0  
11/4/2001 12:00         0  
11/5/2001 12:00         0  
11/6/2001 12:00         0  
11/7/2001 12:00         0  
11/8/2001 12:00         0  
11/9/2001 12:00         0  
11/10/2001 12:00         0  
11/11/2001 12:00         0  
11/12/2001 12:00         0  
11/13/2001 12:00         0  
11/14/2001 12:00         0  
11/15/2001 12:00         0  
11/16/2001 12:00         0  
11/17/2001 12:00         0  
11/18/2001 12:00         0  
11/19/2001 12:00         0  
11/20/2001 12:00         0  
11/21/2001 12:00         0  
11/22/2001 12:00         0  
11/23/2001 12:00         0  
11/24/2001 12:00         0  
11/25/2001 12:00         0  
11/26/2001 12:00         0  
11/27/2001 12:00         0  
11/28/2001 12:00         0  
11/29/2001 12:00         0  
11/30/2001 12:00         0  
12/1/2001 12:00         0  
12/2/2001 12:00         0  
12/3/2001 12:00         0  
12/4/2001 12:00         0  
12/5/2001 12:00         0  
12/6/2001 12:00         0  
12/7/2001 12:00         0  
12/8/2001 12:00         0  
12/9/2001 12:00         0  
12/10/2001 12:00         0  
12/11/2001 12:00         0  
12/12/2001 12:00         0  
12/13/2001 12:00         0  
12/14/2001 12:00         0  
12/15/2001 12:00         0  
12/16/2001 12:00         0  
12/17/2001 12:00  0.377063  
12/18/2001 12:00  0.631437  
12/19/2001 12:00         0  
12/20/2001 12:00         0  
12/21/2001 12:00 0.0833822  
12/22/2001 12:00         0  
12/23/2001 12:00         0  
12/24/2001 12:00         0  
12/25/2001 12:00         0  
12/26/2001 12:00         0  
12/27/2001 12:00         0  
12/28/2001 12:00         0  
12/29/2001 12:00         0  
12/30/2001 12:00         0  
12/31/2001 12:00         0
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A.2.3 MONTHLY EVAPORATION (8101000) 
 
;Date   Hour  EvapRate[in] 
1/1/2001 0:00 2.18943563  
2/1/2001 0:00 2.640536024  
3/1/2001 0:00 4.241095276  
4/1/2001 0:00 5.459431004  
5/1/2001 0:00 6.569081594  
6/1/2001 0:00 7.225861909  
7/1/2001 0:00 7.916447835  
8/1/2001 0:00 7.480133957  
9/1/2001 0:00 5.69876437  
10/1/2001 0:00 4.290308563  
11/1/2001 0:00 2.743359843  
12/1/2001 0:00 2.170614764 
 
A.2.4 CALCULATOR OUTPUTS QUAD 1 
A.2.4.1 ARMY LID PLANNING TOOL 
FIGURE 25. ARMY LID PLANNING TOOL PRE-POST 
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FIGURE 26. ARMY LID PLANNING TOOL PRE-POST LID 
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A.2.4.2 EPA SWC 
 
FIGURE 27. EPA SWC PRE-POST 
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FIGURE 28. EPA SWC PRE-POST LID 
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A.2.4.3 GREEN VALUES® 
FIGURE 29. GREEN VALUES(R) PRE-POST 
 
 
FIGURE 30. GREEN VALUES(R) PRE-POST LID 
 
 
  
100 
 
A.2.4.4 NZPSC 
 
 
FIGURE 31. NZPSC PRE 
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FIGURE 32. NZPSC POST 
 
 
FIGURE 33. NZPSC POST LID 
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A.2.5 CALCULATOR OUTPUTS QUAD 2 
A.2.5.1 ARMY LID PLANNING TOOL 
 
FIGURE 34. ARMY LID PRE-POST 
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FIGURE 35. ARMY LID PRE-POST LID 
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A.2.5.2 EPA SWC 
 
FIGURE 36. EPA SWC PRE-POST 
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FIGURE 37. EPA SWC PRE-POST LID 
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A.2.5.3 GREEN VALUES® 
 
FIGURE 38. GREEN VALUES(R) PRE-POST 
 
 
FIGURE 39. GREEN VALUES(R) PRE-POST LID 
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A.2.5.4 NZPSC 
 
FIGURE 40. NZPSC PRE 
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FIGURE 41. NZPSC POST 
 
 
FIGURE 42. NZPSC POST LID 
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A.2.6 CALCULATOR OUTPUTS QUAD 3 
A.2.6.1 ARMY LID PLANNING TOOL 
 
FIGURE 43. ARMY LID PRE-POST 
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FIGURE 44. ARMY LID PRE-POST LID 
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A.2.6.2 EPA SWC 
 
 
FIGURE 45. EPA SWC PRE-POST 
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FIGURE 46. EPA SWC PRE-POST LID 
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A.2.6.3 GREEN VALUES® 
 
FIGURE 47. GREEN VALUES(R) PRE-POST 
 
FIGURE 48. GREEN VALUES(R) PRE-POST LID 
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A.2.6.4 NZPSC 
 
FIGURE 49. NZPSC PRE 
 
 
FIGURE 50. NZPSC POST 
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FIGURE 51. NZPSC POST LID 
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A.2.7 CALCULATOR OUTPUTS QUAD 4 
A.2.7.1 ARMY LID PLANNING TOOL 
 
FIGURE 52. ARMY LID PRE-POST 
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FIGURE 53. ARMY LID PRE-POST LID 
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A.2.7.2 EPA SWC 
 
FIGURE 54. EPA SWC PRE-POST 
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FIGURE 55. EPA SWC PRE-POST LID 
 
 
  
120 
 
A.2.7.3 GREEN VALUES ® 
 
FIGURE 56. GREEN VALUES(R) PRE-POST 
 
 
FIGURE 57. GREEN VALUES(R) PRE-POST LID 
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A.2.7.4 NZPSC 
 
FIGURE 58. NZPSC PRE 
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FIGURE 59. NZPSC POST 
 
 
FIGURE 60. NZPSC POST-LID 
 
